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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the VA mode liquid crystal 
display device which has its field angle and'contrast optimized by 
arranging a specific biaxial phase difference plate almost in parallel 
to or almost at right angles to the axis of absorption of a polarizing 
plate which is arranged on the same side with the phase difference 
plate as for a liquid crystal layer. 

SOLUTION: A phase difference compensating film 14A is inserted 
on one side of a liquid crystal panel 1 1 comprising substrates 1 1 A 
and 1 1B and a liquid crystal layer 12 enclosed between them. The 
phase difference compensating film 14A has negative retardation A 
n.dl (An=ny-nz=nx-nz, where nx to nx are the refractive indexes in 
the directions of the main axes (x) to (z) of an index elliptic body 
and d1 in the thickness of the retardation film) in the (z) direction, 
and the film 14A is arranged between the liquid crystal panel 1 1 
and the polarizing plate 1 13A to compensate the birefringence of 
light passing through the liquid crystal panel 1 1 . Namely, the phase 
difference plate is arranged almost in parallel or almost at right 
angles to the axis of absorption of the polarizing plate 1 3A 
arranged on the same side with the phase difference compensating 
film 14A as for the liquid crystal layer 12 so as to obtain a wide field angle. 
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« NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st polarizing plate with which the 1st and 2nd substrates which pinch a liquid crystal layer, and 
the side which touches said liquid crystal layer of said 1st substrate were arranged in the opposite side, In the 
liquid crystal display equipped with the 2nd polarizing plate arranged in the opposite side with the side which 
touches said liquid crystal layer of said 2nd substrate said liquid crystal layer The liquid crystal molecule which 
carries out orientation in the 1st perpendicular direction of orientation is included, the condition that external 
electric field are not impressed and of not driving — setting - said 1st and 2nd substrates -- receiving - 
abbreviation - said 1st substrate The 1st and 2nd electrodes which form the electric field which act so that the 
direction of orientation of said liquid crystal molecule may change [ said / 1st ] from orientation toward the 2nd 
direction of orientation parallel to said 1st and 2nd substrates in a drive condition are supported. At least to one 
side of the 1st clearance between said 1st substrate and said 1st polarizing plate, and the 2nd clearance between 
said 2nd substrate and said 2nd polarizing plate It is nx >ny >nz about the refractive index nx to each direction 
of x, and y and z, ny, and nz. Or ny >nx > nz Become. In an optically biaxial phase contrast plate, the lagging 
axis within the field of said phase contrast plate is arranged so that it may become the absorption shaft of said 
polarizing plate, the abbreviation concurrency, or the abbreviation perpendicular arranged in the same side as 
said phase contrast plate to said liquid crystal layer. Said liquid crystal display is a liquid crystal display with 
which the direction of said liquid crystal molecule is characterized by changing the condition from said 
condition of not driving to a drive condition by changing in said 2nd direction from said 1st direction according 
to said electric field formed between said 1 st and 2nd electrodes. 

[Claim 2] Said phase contrast plate is a liquid crystal display according to claim 1 with which the retardation 
within the field given by |nx-ny |-d is characterized by being 120nm or less when thickness of a phase contrast 
plate is set to d. 

[Claim 3] The liquid crystal display according to claim 2 characterized by the retardations within the field of 
said phase contrast plate being 20nm or more and 60nm or less. 

[Claim 4] Said phase contrast plate is a liquid crystal display according to claim 1 with which the retardation of 
the thickness direction given by {(nx+ny) /2-nz} and d is characterized by being 2 double less or equal of the 
retardation of said liquid crystal layer when thickness of a phase contrast plate is set to d. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the liquid crystal display which operates in the so-called VA 
mode which carried out orientation of the liquid crystal which generally has a forward or negative dielectric 
constant anisotropy especially about a liquid crystal display to the abbreviation perpendicular direction to the 
panel side of a liquid crystal display. 
[0002] 

[Description of the Prior Art] The liquid crystal display is widely used as a display of various information 
processors including a computer. A liquid crystal display is small, and although it is used especially for the 
information processor of a portable way in many cases since power consumption is low, application is 
considered also about the information processor of cover halfs, such as the so-called desktop mold. 
[0003] by the way, in the conventional liquid crystal display, the so-called thing in TN (the twist ~ nematic) 
mode which carried out level orientation of the p mold liquid crystal which has a forward dielectric constant 
anisotropy between the substrates of the liquid crystal display which counters mutually has mainly been used. 
The liquid crystal display in TN mode is characterized by the direction of orientation of the liquid crystal 
molecule contiguous to one substrate twisting 90 degrees to the direction of orientation of the liquid crystal 
molecule contiguous to the substrate of another side. 

[0004] It is constituted so that a black display may be performed in the drive condition that white is impressed 
to electric field by said liquid crystal molecule again in the condition that electric field are not impressed to the 
liquid crystal molecule with which realizing high contrast constitutes a liquid crystal panel from a liquid crystal 
display in TN mode which generally starts difficult consequently and of not driving, although various liquid 
crystal was already developed and the cheap manufacturing technology has been established in the liquid crystal 
display in this TN mode. In the case of the conventional TN mode liquid crystal display, in the condition of not 
driving, a liquid crystal molecule carries out orientation in parallel with the field of a liquid crystal panel, and 
the direction of orientation of a liquid crystal molecule changes to a liquid crystal panel in a drive condition at 
an abbreviation perpendicular, but this In fact, the liquid crystal molecule which adjoins a liquid crystal panel 
also in a drive condition is for light to pass a liquid crystal panel to some extent also in a drive condition by the 
birefringence which the liquid crystal molecule which maintained level orientation and carried out this level 
orientation forms. Even if it is going to display a background black in the liquid crystal display in this TN 
mode, as a result of the birefringence which the liquid crystal molecule near the substrate produces, the black of 
a background will not turn into perfect black in fact, but the problem that light will leak or color will arise. 
Under such a situation, white was made into the background color with the liquid crystal display in the 
conventional TN mode. 

[0005] The liquid crystal layer which has a forward or negative dielectric constant anisotropy between the 
substrates of the pair which constitutes a liquid crystal panel on the other hand, in the liquid crystal display in 
perpendicular orientation or VA mode enclosed so that perpendicular inclination orientation might be carried 
out the condition of not driving - setting - a liquid crystal molecule - a substrate side - receiving - 
abbreviation - since it has perpendicular orientation, light passes a liquid crystal layer, without changing most 
of the plane of polarization, and, as a result, a nearly perfect black display is possible for it in the condition of 
not driving, by [ of a substrate ] arranging a polarizing plate up and down. If it puts in another way, the liquid 
crystal display in this VA mode can realize impossible, very high contrast easily in the liquid crystal display in 
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*TN mode. Moreover, in the state of the drive which impressed drive electric field to the liquid crystal molecule, 
a liquid crystal molecule rotates the plane of polarization of the light beam which carries out orientation in 
parallel with a panel side and which carries out incidence into a liquid crystal panel. However, in the drive 
condition of VA mode liquid crystal display, the liquid crystal molecule which carried out level orientation 
shows 90-degree twist between one substrate and the substrate of another side. By doing in this way, the plane 
of polarization of the light which passes a liquid crystal layer rotates. 

[0006] the physical properties of the liquid crystal in which the VA mode itself is known for many years, for 
example, a negative dielectric constant anisotropy is shown - already ~ D.de Rossi etc. — it has reported 
(J. Appl.Phys.49(3) and March 1 978). 
[0007] 

[Problem(s) to be Solved by the Invention] However, it was presupposed conventionally that display quality, 
such as the response time, a viewing-angle property, and electrical-potential-difference retention, was inferior of 
the liquid crystal display in VA mode even if the contrast ratio is excellent compared with the liquid crystal 
display in TN mode, and earnest research / development efforts towards utilization were seldom made. It was 
believed that especially implementation of the liquid crystal panel of the active matrix using a thin film 
transistor (TFT) was difficult. 

[0008] On the other hand, in the liquid crystal display in VA mode, although the application to the indicating 
equipment of a desktop mold can be especially considered since the contrast which is equal to the conventional 
CRT is acquired, it is required that the liquid crystal display of such a desktop mold should have a large area, 
and a large angle of visibility should be especially obtained besides a response being high-speed. Then, this 
invention sets it as the general purpose to offer the liquid crystal display in new and useful VA mode which 
solved the above-mentioned technical problem. 

[0009] Especially the more concrete purpose of this invention is to offer VA mode liquid crystal display using 
the liquid crystal which has a forward or negative dielectric constant anisotropy optimized about an angle of 
visibility and contrast. 
[0010] 

[Means for Solving the Problem] The 1st and 2nd substrates which pinch a liquid crystal layer as this invention 
indicated the above-mentioned technical problem to claim 1 , In the liquid crystal display equipped with the 2nd 
polarizing plate with which the 1st polarizing plate arranged in the opposite side with the side which touches 
said liquid crystal layer of said 1st substrate, and the side which touches said liquid crystal layer of said 2nd 
substrate were arranged in the opposite side The liquid crystal molecule which carries out orientation in the 1st 
perpendicular direction of orientation is included, the condition that external electric field are not impressed, as 
for said liquid crystal layer and of not driving - setting - said 1st and 2nd substrates - receiving - abbreviation 
- said 1st substrate The 1st and 2nd electrodes which form the electric field which act so that the direction of 
orientation of said liquid crystal molecule may change [ said / 1st ] from orientation toward the 2nd direction of 
orientation parallel to said 1st and 2nd substrates in a drive condition are supported. At least to one side of the 
1st clearance between said 1st substrate and said 1st polarizing plate, and the 2nd clearance between said 2nd 
substrate and said 2nd polarizing plate the refractive index nx to each direction of x, and y and z, ny, and nz 
******** -nx >ny >nz Or ny >nx >nz it becomes ~ In an optically biaxial phase contrast plate, the lagging 
axis within the field of said phase contrast plate is arranged so that it may become the absorption shaft of said 
polarizing plate, the abbreviation concurrency, or the abbreviation perpendicular arranged in the same side as 
said phase contrast plate to said liquid crystal layer. The direction of said liquid crystal molecule said liquid 
crystal display by changing in said 2nd direction from said 1st direction according to said electric field formed 
between said 1st and 2nd electrodes As indicated to the liquid crystal display characterized by changing the 
condition from said condition of not driving to a drive condition, or claim 2, said phase contrast plate When 
thickness of a phase contrast plate is set to d, the retardation within the field given by |nx-ny |-d with the liquid 
crystal display according to claim 1 characterized by being 120nm or less As indicated to claim 3, with or the 
liquid crystal display according to claim 2 characterized by the retardations within the field of said phase 
contrast plate being 20nm or more and 60nm or less As indicated to claim 4, or said phase contrast plate When 
thickness of a phase contrast plate is set to d, the retardation of the thickness direction given by {(nx+ny) /2-nz} 
and d is solved with the liquid crystal display according to claim 1 characterized by being 2 double less or equal 
of the retardation of said liquid crystal layer. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/21/2005 



JP,2000-131693,A [DETAILED DESCRIPTION] 



Page 3 of 17 



[001 1] Hereafter, the principle of this invention is explained. Drawing 1 shows the fundamental configuration 
of the liquid crystal display by this invention. With reference to drawing 1 , 2nd polarizing plate (analyzer) 13B 
to which 1st polarizing plate (polarizer) 13A which has an absorption shaft has an absorption shaft in the 
direction shown by arrow-head 3b up again is arranged in the direction which showed the liquid crystal display 
10 by arrow-head 13a under said liquid crystal panel including the liquid crystal panel which consists of glass 
substrates 1 1 A and 1 IB of the pair which counters mutually, and a liquid crystal layer 12 enclosed between 
them. 

[0012] The liquid crystal which constitutes the liquid crystal layer 12 is liquid crystal which has a forward or 
negative dielectric constant anisotropy, and orientation of the liquid crystal molecule 12a near the bottom 
substrate 1 1 A is carried out to an abbreviation perpendicular to substrate 1 1 A in the condition of a liquid crystal 
panel of not impressing electric field between substrate 1 1 A and 1 IB and of not driving. Similarly, orientation 
of the liquid crystal molecule 12b near the top substrate 1 IB is carried out to an abbreviation perpendicular to 
substrate 1 IB. If it puts in another way, a liquid crystal display 10 constitutes the liquid crystal display which 
operates in the so-called VA mode. 

[0013] The director in which bottom substrate 1 1 A supports with the example of a configuration of drawing 1 
the 1 st orientation film (not shown) by which rubbing was carried out in the direction offset about 22.5 degrees 
in the direction of a counterclockwise rotation from the longitudinal direction to an upper principal plane, and 
the direction of orientation of a liquid crystal molecule is shown points at the direction which inclined [ of this 
1st orientation film ] to the upper part at the include angle of about 89 degrees from rubbing about liquid crystal 
molecule 12a. Similarly, the director in which bottom substrate 1 IB supports the 2nd orientation film (not 
shown) by which rubbing was carried out in the direction offset about 22.5 degrees in the direction of a 
clockwise rotation from the longitudinal direction to a bottom principal plane, and the direction of orientation of 
a liquid crystal molecule is shown points at the direction to which it inclined at the include angle of about 89 
degrees caudad from [ of this 2nd orientation film ] rubbing about liquid crystal molecule 12b. That is, a liquid 
crystal molecule forms a 45-degree twist angle among the up-and-down substrates 1 1 A and 1 IB into the liquid 
crystal layer 12. However, as shown in drawing 1 , in case a liquid crystal panel is formed from Substrates 1 1 A 
and 1 IB, Substrates 1 1A and 1 IB are combined with sense which the direction of rubbing counters at the 
include angle of 45 degrees mutually. 

[00 1 4] Polarizer 1 3 A which has absorption shaft 1 3a is arranged in the liquid crystal panel bottom which 
consists of substrates 1 1 A and 1 IB, and the light which carries out incidence from a lower part is polarized in 
the direction which intersects perpendicularly with absorption shaft 13a. Similarly analyzer 13B which has 
absorption shaft 13b is arranged in the liquid crystal panel bottom, and the light which passed the liquid crystal 
panel is polarized in the direction which intersects perpendicularly with absorption shaft 13b. Therefore, if the 
light which polarized by polarizer 13A passes a liquid crystal panel without change of plane of polarization as it 
is when polarizer 13A and analyzer 13B are arranged so that the absorption shafts 13a and 13b may intersect 
perpendicularly mutually, this light will be intercepted by analyzer 13B and a black display will be obtained. 
[0015] Although a transparent electrode (not shown) is formed the outside of substrate 13 A, and inside each 
orientation film of substrate 13B, in the condition of not impressing driver voltage to an electrode and of not 
driving, orientation of the liquid crystal molecule in the liquid crystal layer 12 is carried out to an abbreviation 
perpendicular to a substrate side like liquid crystal molecule 12a or 12b, and the polarization condition of the 
light which passes a liquid crystal panel as a result hardly changes. That is, in said liquid crystal display 10, an 
ideal black display is realized in the condition of not driving. On the other hand, in the state of a drive, a liquid 
crystal molecule inclines in abbreviation parallel in a substrate side, and the light which passes a liquid crystal 
panel changes a polarization condition with this inclined liquid crystal molecule. A paraphrase obtains a white 
display in a drive condition in a liquid crystal display 10. 

[0016] Drawing 2 (A) shows the contrast ratio at the time of changing variously the include angles phi and theta 
of the absorption shafts 13a and 13b of polarizer 13A and analyzer 13B about this liquid crystal display 10. 
However, include angles phi and theta are defined as shown in the top view of drawing 2 R> 2 (B), and a 
contrast ratio compares the condition of having impressed the condition (driver voltage 0V) of not driving, and 
the driver voltage of 5V. In the example of drawing 2 (A), as liquid crystal which constitutes the liquid crystal 
layer 12, the thing (for example, liquid crystal product more nearly available than Merck Japan as a trade name 
MJ95785) of deltan=0.0813 and deltaepsilon=-4.6 was used, and the commercial thing, for example, NITTO 
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*DENKO G1220DU, was used as polarizing plates 13A and 13B. Moreover, the thickness of a liquid crystal cell, 
i.e., thickness d of the liquid crystal layer 12, is set as 3.5 micrometers. deltan=ne-nO [ however, ] it is - ne and 
no It is the refractive index of the abnormality light in liquid crystal, and forward Tsunemitsu, respectively. 
Moreover, deltaepsilon expresses a dielectric constant anisotropy. 

[0017] First with reference to drawing 2 (B), this drawing shows the include angle theta which the include angle 
phi which polarizer absorption shaft 13a to the twist angle of the liquid crystal molecule in a liquid crystal 
display 10 and the center line of the twist makes, and analyzer [ further as opposed to the center line of said 
twist ] absorption shaft 13b make. However, unlike the display of drawing 1 , in the liquid crystal display 10, 
180 degrees of sense of top substrate 1 IB are reversed, and the top view of drawing 2 (B) has shown that it 
becomes in the same direction as the sense of bottom substrate 1 1 A, in order to show a twist angle and its center 
line clearly. 

[00 1 8] With reference to drawing 2 (A), the contrast ratio of a liquid crystal display 1 0 Polarizer 1 3 A and 
analyzer 13B become the maximum in a crossed Nicol condition, i.e., the condition that absorption shaft 13a 
and absorption shaft 13b intersect perpendicularly. In the condition that the include angle which polarizer 
absorption shaft 13a on the basis of the twist center line corresponding to the straight line which connects phi= 
45 degrees, i.e., 0-degree-180 " of drawing 2 (B), especially makes is 45 degrees, it turns out that contrast 
becomes max. This include angle that analyzer absorption shaft 13b on the basis of a twist center line similarly 
makes in the state of a crossed Nicol becomes 135 degrees. Moreover, the same maximum contrast of obtain 
[ even if it sets include angles phi and theta as -45 degrees and -135 degrees in drawing 2 (B), respectively ] is 
clear. In this case, the include angle which the include angle made to said twist center line of absorption shaft 
13a in drawing 1 R> 1 makes to said twist center line of 135 degrees and absorption shaft 13b becomes 45 
degrees. 

[0019] Although the contrast ratio which exceeds 700 also in setup [ which / of phi and theta ] is obtained in the 
liquid crystal display 10 by this invention so that drawing 2 (A) may show, this result shows the predominance 
of VA liquid crystal display to the usual twist nematic (TN) liquid crystal display with which only at most about 
100 contrast ratio is obtained. 

[0020] Drawing 3 (A) - (D) is drawing explaining the operating characteristic of the liquid crystal display 10 of 
drawing 1 . However, what was explained previously is being used for liquid crystal and a polarizing plate. 
Among these, drawing 3 (A) is the wave form chart showing the wave of the electrical-potential-difference 
pulse impressed to a liquid crystal display 10, and drawing 3 (B) shows change of the permeability of the liquid 
crystal display 10 produced corresponding to the electrical-potential-difference pulse of drawing 3 (A) with a 
continuous line and a broken line, respectively about the case which did not add chiral material in the liquid 
crystal layer 12 where it case and adds. However, the result of drawing 3 (B) is a thing about what set thickness 
d of a liquid crystal cell as 3.5 micrometers, and the twist angle of a liquid crystal molecule is made into 45 
degrees as explained previously, a ratio [ as opposed to / in the pitch p of chiral material / thickness d of the 
liquid crystal layer 12 at the example of illustration ] ~ it has set up so that d/p may be set to 0.25. When chiral 
material is not added so that drawing 3 (B) may show, although high fixed light transmittance is shown 
substantially, when [ whose liquid crystal display 10 corresponded to the applied-voltage pulse ] chiral material 
is added in the liquid crystal layer 12, it turns out that the permeability of a liquid crystal display 10 decreases 
with time amount. If it puts in another way, in the liquid crystal display 10 in VA mode, addition of the chiral 
material currently generally used with the liquid crystal display in TN mode will bring about degradation of the 
dynamic-response property which is not desirable. 

[0021] Drawing 3 (C) shows change of a dynamic permeability property in the liquid crystal display 10 which 
set thickness d of a liquid crystal cell to 3.5 micrometers about the case where the twist angle of a liquid crystal 
molecule is changed in 0 degree - 90 degrees. The dynamic permeability property accompanying the input pulse 
of drawing 3 (A) is hardly influenced depending on the twist angle of a liquid crystal molecule so that drawing 
3 (C) may show. Control of this twist angle is made by controlling the direction of rubbing of the molecular 
orientation film on substrate 1 1 A and 1 IB. 

[0022] Drawing 3 (D) shows change of the dynamic permeability property at the time of changing thickness d 
of a liquid crystal cell in 4.5 to 2.5 micrometers. Although the permeability accompanying the input pulse of 
drawing 3 R> 3 (A) decreases while the eel thickness d decreases so that drawing 3 (D) may show The index 
TON which shows a speed of response, i.e., time amount until permeability reaches 90% of a saturation value 
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"(permeability = 100%) from 0% at the time of ON, Moreover, time amount TOFF until permeability falls from 
a saturation value to 10% at the time of OFF It decreases, so that eel thickness decreases, therefore it turns out 
that a speed of response increases. If the eel thickness d is especially set as 2.5 micrometers or less, the standup 
and falling of a dynamic permeability characteristic curve will become very steep. 
[0023] Drawing 4 (A) and (B) show the configuration at the time of using the liquid crystal which has a 
negative dielectric constant anisotropy in the liquid crystal layer 12 in the liquid crystal display of drawing 1 . 
With reference to drawing 4 (A) and (B), on glass substrate 1 1 A, electrode pattern 1 la and molecular 
orientation film 1 la* is formed, and electrode pattern 1 lb and molecular orientation film 1 lb' is formed on glass 
substrate 1 IB, and the liquid crystal layer 12 is pinched between molecular orientation film 1 la' and 1 lb'. 
[0024] Among these, although the condition of drawing 4 (A) shows the condition that driver voltage is not 
impressed and of not driving, between electrode pattern 1 la and electrode pattern 1 lb, in this condition of not 
driving, orientation of the liquid crystal molecule is substantially carried out perpendicularly to a substrate 
principal plane according to an operation of molecular orientation film 1 la' and 1 lb 1 . Next, if driver voltage is 
impressed between said electrode pattern 1 la and 1 lb, as shown in drawing 4 (B), orientation of the liquid 
crystal molecule which has a negative dielectric constant anisotropy will be carried out to horizontally an 
abbreviation rectangular cross is carried out to drive electric field. 

[0025] Drawing 5 (A) and (B) show the configuration at the time of using the liquid crystal which has a forward 
dielectric constant anisotropy in the liquid crystal layer 12 in the VAT mode liquid crystal display of drawing 
1 . However, the same reference mark is given to the part corresponding to the part explained previously, and 
explanation is omitted. With the configuration of drawing 5 (A) and (B), an electrode pattern is not formed on 
substrate 1 1 B, but electrode pattern 1 1 a by which a pair adjoins only on substrate 1 1 A is formed. 
[0026] In the condition shown in drawing 5 (A) of not driving, orientation of the liquid crystal molecule is too 
carried out to an abbreviation horizontal in accordance with the electric field formed between the electrodes of 
said pair in the drive condition shown in drawing 5 (B) like drawing 4 (A) according to an operation of the 
molecular orientation film although orientation is carried out to the abbreviation perpendicular to the substrate 
principal plane. Drawing 6 shows the liquid crystal display 20 of a configuration of having inserted phase 
contrast compensation film 14A in one side of the liquid crystal panel 1 1 which consists of a liquid crystal layer 
12 enclosed Substrates 1 1 A and 1 IB and between them in drawing 1 , in order to improve further the viewing- 
angle property of the liquid crystal display 10 of drawingj. . 

[0027] With reference to drawing 6 , phase contrast compensation film 14A retardation deltan-dl (deltan=ny-nz 
=nx-nz;nx, ny, and nz -- respectively -- the refractive index of the main shaft x of an index ellipsoid, y, and the 
direction of z --) negative to the direction of z dl It has the thickness of a retardation film, and is arranged 
between a liquid crystal panel 1 1 and polarizer 13 A, respectively, and the birefringence of the light which 
passes a liquid crystal panel 1 1 is compensated. 

[0028] Drawing 7 -22 show the viewing-angle property of a liquid crystal display 20 that this phase contrast 
compensation film 14A was able to be prepared, about the case where the magnitude of retardation R' of film 
14A is changed variously. However, in drawing 7 -22, the viewing angle in which the include-angle value of 
0.0 degrees of a circumferencial direction, 90.0 degrees, 180.0 degrees, and 270.0 degrees of each azimuth were 
measured, and the concentric circle measured the direction of a panel transverse plane as 0 degree is shown at 
intervals of 20 degrees. Therefore, the concentric circle of the outermost periphery expresses with illustration 
the viewing angle which is 80.0 degrees. Moreover, as for each contour line, contrast ratio CR expresses 
contrast lines, such as 500.0,200.0,100.0, and 50.0, 10.0. 

[0029] Using [ and ] the liquid crystal which has the Merck Japan MJ941296 grade and a negative dielectric 
constant anisotropy as a liquid crystal layer 12, for example in the case of which [ of drawing 7 -22 ], a viewing- 
angle property is a thing at the time of impressing the driver voltage pulse of 0V/5V to a liquid crystal panel. 
However, the same viewing-angle property is acquired also when the liquid crystal in which a forward dielectric 
constant anisotropy is shown as a liquid crystal layer 12 is used. Therefore, the result of drawing 7 -22 is 
equally materialized also to VA mode liquid crystal display using the liquid crystal which has the forward 
dielectric constant anisotropy shown in drawing 5 (A) and (B) also as opposed to VA mode liquid crystal 
display using the liquid crystal which has the negative dielectric constant anisotropy shown in drawing 4 (A) 
and(B). 

[0030] Especially, in drawing 7 -16, further, the twist angle of a liquid crystal molecule was made into 45 
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"degree's, and 3 micrometers of pre tilt angles were made [ birefringence deltan of a liquid crystal panel 1 1 ] into 
89 degrees for 0.0804 and the eel thickness d. In this case, retardation deltan-d of a liquid crystal panel 1 1 is set 
to 241nm. In the example of drawing 7 , retardation R* is 108nm, to ratio R'/deltan-d to the retardation value of 
241nm of a liquid crystal panel being set to 0.45, retardation R' is 144nm and said ratio R'/deltan-d has become 
0.6 by the example of drawing 8 . In the example of drawing 9 , retardation R' to 0.75 said ratio R'/deltan-d by 
180nm furthermore, in the example of drawing 10 To 0.82, said ratio R'/deltan-d by 198nm in the example of 
drawing 1 1 [ retardation R' ] To 0.90, said ratio R'/deltan-d by 216nm in the example of drawing 12 
[ retardation R' ] To 0.97, said ratio R'/deltan-d by 234nm in the example of drawing 13 [ retardation R' ] To 
1.05, said ratio R'/deltan-d by 252nm in the example of drawing 1414 [ retardation total value R' ] To 1.12, said 
ratio' R'/deltan-d by 270nm in the example of drawing 15 [ retardation R' ] Retardation R' is 288nm, said ratio 
R'/deltan-d is become to 1 .20, and said ratio R'/deltan-d has become 1 .34 by R'324nm of retardations in the 
example of drawing 16 further. 

[0031] With reference to drawing 7 -16, it rums out that the viewing-angle property which shows especially the 
liquid crystal display 20 to drawing 1 1 or drawing 12 and which whose ratio R'/deltan-d is about (0.97-1.05) 
one range, and was especially excellent is shown. When it puts in another way, the result of drawing 7 -16 
shows that the viewing-angle property of a liquid crystal display 20 is improved remarkably by adjoining a 
liquid crystal panel 1 1, and the retardation value's of abbreviation being in the retardation value of a liquid 
crystal panel by carrying out, and arranging phase contrast compensation film 14 A. 

[0032] In the configuration of drawing 6 , the result explained above is materialized, also when phase contrast 
compensation film 14B different from said phase contrast compensation film 14A is arranged above a liquid 
crystal panel 1 1 . However, said retardation R' becomes phase contrast compensation film 14A and the total 
value of phase contrast compensation film 14B in this case. In the configuration of drawing 6 , drawing 17 -22 
make retardation deltan-d of a liquid crystal panel 1 1 carry out abbreviation coincidence of sum total retardation 
R' of phase contrast compensation film 14A and/or 14B, and show the viewing-angle property at the time of 
changing thickness d of the liquid crystal layer 12 in a liquid crystal panel 1 1 . However, in drawing 17 -22, a 
high line, such as having expressed with CR=10, shows the viewing angle from which a contrast ratio 10 is 
obtained. 

[0033] If 1 micrometer, therefore retardation deltan-d of a liquid crystal panel 1 1 become [ thickness d ] less 
than [ 82nm or it ] as shown in drawing 17 -22, a viewing-angle property will deteriorate clearly, and if 5 
micrometers, therefore retardation deltan-d of a liquid crystal panel 1 1 are set to 410nm or more by thickness d, 
a viewing-angle property will deteriorate again. From this, in the liquid crystal display 20 of drawing 6 , more 
preferably, the retardation of a liquid crystal panel 1 1 is 82nm or more, and is understood that it is [ about 80nm 
or more / about 400nm or less ] desirable to set it as 410nm or less more preferably. The same conclusion is 
equally applied also to the liquid crystal display using the forward dielectric constant anisotropy liquid crystal 
shown in drawing 5 (A) and (B) only to the liquid crystal display using the negative dielectric constant 
anisotropy liquid crystal shown in drawing 4 (A) and (B). 

[0034] Drawing 23 -28 show the permeability to the direction of a transverse plane of the liquid crystal display 
20 of drawing 6 at the time of changing thickness d of the liquid crystal layer 12 variously about each color (B= 
blue, G= green, R= blue) which constitutes three primary colors. However, permeability measured applied 
voltage, making it change from 0V to 6V. As shown in drawing 23 -26, when thickness d of a liquid crystal 
layer is below 1 micrometer (deltan-d=82nm), even if it impresses the driver voltage of 6V, permeability is very 
low also in which color ( drawing 23 ). 

[0035] On the other hand, when thickness d of a liquid crystal layer is increased to 1 micrometers or more, as 
the permeability at the time of a liquid crystal display drive increases greatly and said each color in three 
primary colors is shown especially in drawing 26 and 27 When thickness d of said liquid crystal layer 12 is set 
to 4-5 micrometers, the almost same permeability is realized about each color of R, G, and B by setting the 
magnitude of a driver voltage pulse as about 4 V. 

[0036] the case where it sets up more than 6 micrometers or it as the thickness of the liquid crystal layer d is 
increased further and it is shown in drawing 28 on the other hand - each color of R, G, and B - abbreviation » 
permeability [ as opposed to / although it hits and comes out / each color of R, G, and B in this case ] with the 
driver voltage a little lower than 3 V from which equal permeability is obtained - abbreviation - it will narrow 
rather than the range of driver voltage which becomes equal can set to drawing 26 or drawing 27 . A paraphrase 
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produces the problem which a white display colors by slight fluctuation of driver voltage with the configuration 
of drawing 28 . However, in the liquid crystal display actually mass-produced, control of strict driver voltage is 
difficult. 

[0037] As for thickness d of the liquid crystal layer 12, also from this, it is desirable in the liquid crystal display 
of drawing 6 that they are 1 micrometers or more and 6 micrometers or less. It is desirable that the retardations 
of the liquid crystal layer 12 are about 80nm or more and about 400nm or less in connection with this. The same 
conclusion is equally applied also to VA mode liquid crystal display using the forward dielectric constant 
anisotropy liquid crystal shown in drawing 5 (A) and (B) only to VA mode liquid crystal display using the 
negative dielectric constant anisotropy liquid crystal shown in drawing 4 (A) and (B). 
[0038] At least all directions show about an angle color change observed when drawing 29 -32 change a polar 
angle from +80 degrees to -80 degrees in the liquid crystal display of drawing 6 . However, drawing 29 -32 are 
drawing which plotted observed color change to CIE (1931) standard colorimetric system. A broken line shows 
the case where an azimuth is 90 degrees when the azimuth of a thin continuous line is 45 degrees about the case 
where the azimuth of a thick line is 0 degree, among drawing 29 - 32. 

[0039] First, when 1 micrometer, therefore retardation deltan-d of a liquid crystal panel 1 1 are set to 82nm for 
thickness d of the liquid crystal layer 12 with reference to drawing 29 , even if any of a polar angle and an 
azimuth change, change of the color observed is slight. However, as shown in drawing 30 , when thickness d of 
the liquid crystal layer 12 sets to 3 micrometers (deltan-d=246nm), color change becomes a little large. 
However, in the case of drawing 30 , the azimuth dependency of color change is not observed yet. 
[0040] On the other hand, in the case of drawing 31 which set thickness d of the liquid crystal layer 12 to 4 
micrometers (deltan-d=328nm), color change which color change from which a liquid crystal display 20 arises 
becomes still larger, and is with the case where an azimuth is 90 degrees, and the case where it is 0 degree or 45 
degrees, and is different comes to be observed. Furthermore, as shown in drawing 32 , when thickness d of the 
liquid crystal layer 12 is set as 5 micrometers (deltan-d=410nm), or when [ as shown in drawing 33 , ] thickness 
d is set as 6 micrometers (deltan-d=492nm), color change observed becomes very large. 
[0041] The result of drawing 29 -33 shows that it is desirable to set retardation deltan-d of the liquid crystal 
layer 12 to drawing 28 and about 300nm or less, for example, middle 280nm of 29, when applying the liquid 
crystal display in VA mode to the full color liquid crystal display with which it is required of a wide-field-of- 
view angle. The same conclusion is equally applied also to VA mode liquid crystal display using the forward 
dielectric constant anisotropy liquid crystal shown in drawing 5 (A) and (B) only to VA mode liquid crystal 
display using the negative dielectric constant anisotropy liquid crystal shown in drawing 4 (A) and (B). 
[0042] Furthermore, in the liquid crystal display 20 of drawing 6 , the artificer of this invention set thickness d 
of the liquid crystal layer 12 as 3 micrometers, and investigated the effect which the twist angle which a liquid 
crystal molecule forms between the top face of the liquid crystal layer 12 and an inferior surface of tongue has 
on a viewing-angle property. Drawing 34 -36 show the viewing-angle property at the time of making a 
******** ^jgt j n t 0 0 degree, 90 degrees, and 180 degrees. As shown in drawing 34 -36, most substantial 
change of the viewing-angle property by the twist angle is not seen. The same relation is equally materialized 
also to VA mode liquid crystal display using the forward dielectric constant anisotropy liquid crystal shown in 
drawing 5 (A) and (B) also as opposed to VA mode liquid crystal display using the negative dielectric constant 
anisotropy liquid crystal shown in drawing 4 (A) and (B). 

[0043] Moreover, the experiment of the more than explained with reference to drawing 6 or subsequent ones is 
performing no addition of chiral material currently generally performed with the usual TN mode liquid crystal 
display to the liquid crystal layer 12 which constitutes a liquid crystal display 20. Drawing 37 shows the 
permeability which the liquid crystal display 20 of drawing 6 R> 6 at the time of using the Merck Japan liquid 
crystal MX941296 (deltan=0.082, deltaepsilon=-4.6) as liquid crystal, and using G1220DU of NITTO DENKO 
as a polarizing plate shows in a black display mode about the case where a polar angle is changed from 0 degree 
to 80 degrees in a 90-degree azimuth. However, thickness d of the liquid crystal layer 12 could be 3.5 
micrometers. In this case, retardation deltan-d which the liquid crystal layer 12 forms is set to 287nm. 
[0044] The permeability in a black display mode can be minimized by setting retardation value R' of phase 
contrast compensation film 14A as about 287nm equal to the retardation of the liquid crystal layer 12 so that 
drawing 37 may show. The same relation is equally materialized also to VA mode liquid crystal display using 
the forward dielectric constant anisotropy liquid crystal shown in drawing 5 (A) and (B) also as opposed to VA 
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mode liquid crystal display using the negative dielectric constant anisotropy liquid crystal shown in drawing 4 

(A) and (B). 

[0045] The artificer of this invention considered further the effect which addition of chiral material has on a 
viewing-angle property in VA mode liquid crystal display. Although the effectiveness of the chiral material to a 
viewing-angle property does not show up notably in the liquid crystal display in VA mode since abbreviation 
perpendicular orientation of the liquid crystal molecule is carried out in the state of un-driving [ which does not 
impress driver voltage ] as roughly shown in drawing 38 (A), the liquid-crystal molecule shown in drawing 38 

(B) is considered that a certain effectiveness by regulation of the chiral pitch by chiral material shows up in the 
drive condition which carries out level orientation. In the condition of drawing 38 (B), a liquid crystal molecule 
is twisted by chiral material on the uniform twist square decided by the chiral pitch p of chiral material, and 
thickness d of a liquid crystal layer in the thickness direction of a liquid crystal layer. On the other hand, in not 
adding chiral material, as shown in drawing 39 (A), since the regulation of the chiral pitch according [ in / but / 
a drive condition ] to chiral material as the case of drawing 38 (A) which added chiral material with the same 
orientation of the liquid crystal molecule in the condition of not driving does not exist, the twist of a liquid 
crystal molecule becomes an ununiformity. That is, although the twist of a liquid crystal molecule is produced 
near the molecular orientation film currently supported by the vertical substrate, respectively as shown in 
drawing 39 (B), in the field (the field C in drawing 39 (B)) of the thickness direction Kaminaka center section 
of the liquid crystal layer 12, the twist of a liquid crystal molecule is hardly produced. 

[0046] The viewing-angle property at the time of adding chiral material and setting a d/p ratio to 0.25 about the 
case where drawing 40 set thickness d of the liquid crystal layer 12 to 3 micrometers in the liquid crystal 
display 20 of drawing 6 , and the twist angle of a liquid crystal molecule is further made into 90 degrees, is 
shown. It turns out that ten or more fields are decreasing in number [ the contrast ratio ] as compared with 
drawing 34 which shows a viewing-angle property when the viewing-angle property of drawing 40 does not add 
chiral material in the liquid crystal display of the same configuration. That is, in the liquid crystal display in VA 
mode, it comes to a conclusion also from the point of a viewing-angle property that it is desirable not to add 
chiral material. 

[0047] Similarly drawing 40 and 41 show the brightness property of R [ to the direction of a liquid crystal panel 
transverse plane of the liquid crystal display 20 at the time of making the twist angle of 3 micrometers and a 
liquid crystal molecule into 90 degrees for thickness d of the liquid crystal layer 12 ], G, and B each color. 
However, the case where drawing 41 does not add chiral material when drawing 41 adds chiral material is 
shown. Clearly, by adding chiral material shows that the brightness of a liquid crystal display falls. When chiral 
material is not added to the twist of a uniform liquid crystal molecule arising as a drive condition is shown in 
drawing 38 (B) when chiral material is added, as this shows drawing 39 (B), in the drive condition of a liquid 
crystal display, the field C which a liquid crystal molecule does not twist is formed, and it is thought in this field 
C that a light beam is for changing plane of polarization efficiently. That is, in the liquid crystal display in VA 
mode, it comes to a conclusion also from the point of a brightness property that it is desirable not to add chiral 
material. The same conclusion is equally applied also to VA mode liquid crystal display using the forward 
dielectric constant anisotropy liquid crystal shown in drawing 5 (A) and (B) also as opposed to VA mode liquid 
crystal display using the negative dielectric constant anisotropy liquid crystal shown in drawing 4 (A) and (B). 
[0048] Further, in the liquid crystal display 20 of drawing 6 , the artificer of this invention changed the pre tilt 
angle of a liquid crystal molecule, and investigated change of a viewing-angle property. The result is shown in 
drawing 43 -47. However, the case where drawing 46 sets a pre tilt angle as 75 degrees when drawing 45 sets a 
pre tilt angle as 80 degrees for the case where drawing 44 sets a pre tilt angle as 85 degrees for the case where 
drawing 43 sets a pre tilt angle as 89.99 degrees is shown. Furthermore, drawing 47 shows the viewing-angle 
property of standard TN mode liquid crystal display. 

[0049] An angle of visibility also decreases as a pre tilt angle decreases to the largest angle of visibility being 
realized with reference to drawing 43 -47 in the case of drawing 43 from which the pre tilt angle is 90 degrees 
substantially, and when the pre tilt angle shown in drawing 46 is 75 degrees, it will become equivalent to the 
angle of visibility of standard TN mode liquid crystal display shown in drawing 47 . It is desirable to set more 
preferably 75 degrees or more of 87 degrees or more of pre tilt angles of a liquid crystal molecule as 89 degrees 
or more in the liquid crystal display in VA mode from this. The above result is equally materialized also to VA 
mode liquid crystal display using the forward dielectric constant anisotropy liquid crystal shown in drawing 5 
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"(A) and (B) also as opposed to VA mode liquid crystal display using the negative dielectric constant anisotropy 
liquid crystal shown in drawing 4 (A) and (B). 
[0050] 

[Embodiment of the Invention] [Example 1] drawing 48 is the sectional view showing the configuration of the 
liquid crystal display 30 by the 1st example of this invention. Glass substrate 31 A which supports orientation 
film 31a which performed transparent electrode 31a' and rubbing processing which consist of ITO with 
reference to drawing 48 , Glass substrate 3 IB which supports orientation film 31b which similarly performed 
ITO electrode 31b' and same rubbing processing uses polymer ball 31C as a spacer. It doubles with sense to 
which the orientation film 31a and 31b counters mutually, a seal is carried out by the sealant (not shown), and a 
liquid crystal panel is formed. Furthermore, in the space formed by said orientation film 31a and 31b in said 
liquid crystal panel, the liquid crystal MJ941296 (deltan=0.0804, deltaepsilon=-4) which has a forward or 
negative dielectric constant anisotropy, for example, the Merck Japan liquid crystal, is enclosed by the vacuum 
pouring-in method, and the liquid crystal layer 32 is formed. With this configuration, the thickness d of the 
liquid crystal layer 32, i.e., eel thickness, is determined by the path of spacer ball 31 C of a polymer. 
[0051] furthermore, the phase contrast compensation films 33 A and 33B arrange in each upper and lower sides 
of the liquid crystal panel formed by doing in this way - having -- moreover - the phase contrast compensation 
film 33A bottom - polarizer 34A - moreover, analyzer 34B is formed in bearing on the basis of a twist center 
line as shown previously at drawing 1 or drawing 6 R> 6 at the phase contrast compensation film 33B bottom. 
That is, in the configuration of drawing 6 , the liquid crystal display of drawing 48 corresponds, when the 2nd 
phase contrast compensation film is prepared between a liquid crystal panel 1 1 and analyzer 13B. 



[0052] 
[Table 1] 




-fc*J5d 


iMSSK2 5*0 


Ton Toff 
(to) (ns) 


maniac <• > 

0" 90° 180° -90* av. 


QM480 
0H482 
0H484 


3.75 
3.00 
2. 60 


13. 56 9. 04 
B.79 5.71 
7.81 4.45 


41 54 48 54 49.25 

42 58 52 58 52.50 
42 60 52 60 53.50 



Table 1 shows the evaluation result in 25-degreeC of the operating characteristic of each liquid crystal display 
at the time of changing thickness d of the liquid crystal layer 32 variously, and a viewing-angle property in the 
liquid crystal display 30 which set the twist angle as 45 degrees. However, the result at the time of using the 
perpendicular orientation material RN 783 made from the Nissan chemistry as orientation film 31a and 31b, and 
using the NITTO DENKO G1220DU polarizing plate, or the Sumitomo Chemical SK-1832AP7 polarizing 
plate as polarizing plates 34A and 34B is shown in Table 1 . Moreover, although the phase contrast 
compensation films 33 A and 33B shown in drawing 48 are omitted in the liquid crystal display of Table 1, a 
certain amount of [ the protection film of a polarizing plate ] retardation compensation is performed. For 
example, the protection film which the protection film which accompanies said G1220DU polarizing plate 
shows the negative retardation whose magnitude is about 44nm, and accompanies said SK-1832AP7 polarizing 
plate shows the negative retardation whose magnitude is about 50nm. Moreover, no chiral material is added in 
the liquid crystal layer 32. 

[0053] With reference to Table 1, thickness d of the liquid crystal layer 32 follows on decreasing, and they are 
build up time Ton and the falling time amount Toff. It turns out that it decreases and the speed of response of a 
liquid crystal display is improved. Moreover, thickness d of said liquid crystal layer follows on decreasing, and 
the viewing-angle range which gives ten or more contrast ratios increases. However, in order for brightness to 
fall if the thickness of a liquid crystal layer decreases as explained also in advance, it is necessary to set up the 
thickness of the liquid crystal layer 32, as explained previously so that it may be restored to the range whose 
retardation deltan-d is about 80 - 400nm of abbreviation. 

[0054] Generally the polarizing plate protection film which has said negative retardation (about 44 or 50nm) 
consists of a triacetate cellulose (TAC), and is called a TAC film. Since the retardation is very small, since an 
optical property is hardly influenced, this TAC film is widely used as a protection film of a polarizing plate in 
conventional TN or a conventional STN liquid crystal display with common TN or a common STN liquid 
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' crystal display. A typical TAC film has the 5-1 5nm forward retardation R in a field, and has negative 38-50nm 
retardation R ? in the thickness direction. Moreover, the magnitude of Retardation R and R f can be changed by 
changing the thickness of a film. 

[0055] However, the artificer of this invention found out that the viewing-angle property of a liquid crystal 
display could be raised further with the liquid crystal display in VA mode this time by that a viewing-angle 
property or a contrast ratio is affected also for few retardations of such a TAC film therefore that the retardation 
of a TAC film needs to be optimized, and optimization that starts further. However, the TAC film of a 
polarizing plate outside does not change the optical property of a liquid crystal display. 
[0056] In conventional TN or a conventional STN mode liquid crystal display, it has been arranged so that a 
TAC film may become parallel to the absorption shaft of the polarizing plate with which the lagging axis 
adjoins, but in this invention, it became clear that it is desirable to arrange a TAC film so that it may intersect 
perpendicularly with the absorption shaft of the polarizing plate with which the lagging axis adjoins so that the 
back might be explained. In such a case, the effectual retardation of a phase contrast compensation film serves 
as a value which lengthened the forward retardation of a TAC film from the forward retardation of a phase 
contrast compensation film. Therefore, to use the standard polarizing plate which has such a TAC film, only the 
part of the retardation of the TAC film of two sheets with which the liquid crystal panel was arranged up and 
down needs to enlarge the retardation of a phase contrast compensation film beforehand rather than a theoretical 
optimum value. On the contrary, in arranging a TAC film in parallel with the absorption shaft of the polarizing 
plate with which the lagging axis adjoins, the effectual retardation of a phase contrast compensation film 
increases only that for two TAC films. For this reason, only the part of the forward retardation for two TAC 
films needs to make small beforehand the retardation of phase contrast compensation film ** to a theoretical 
optimum value. 

[0057] Drawing 49 (A) and (B) show a viewing-angle property when eel thickness d is made to 3 micrometers 
and they make a twist angle 45 degrees in the liquid crystal display of the configuration of drawing 48 . 
However, in the example of drawing 49 , chiral material is not added, and said MJ941296 is used for liquid 
crystal, and it uses G1220DU for the polarizing plate. However, the result of drawing 49 (A) and (B) is the 
thing of an about when polarizing plates 34 A and 34B make the phase contrast compensation films 33B and 
34B serve a double purpose. 

[0058] Among drawing 49 (A), although a contrast ratio is white and shows ten or more fields, a white field is 
very large and it turns out that the very large viewing-angle property is acquired, moreover, drawing 49 (B) 
shows — as — this liquid crystal display ~ the direction of a transverse plane — setting - 2000 - it is obtained in 
a near contrast ratio. Drawing 50 (A) and (B) show the viewing-angle property at the time of using a 
commercial phase contrast compensation film (Sumitomo Chemical VAC0) as phase contrast compensation 
films 33A and 33B in the liquid crystal display of drawing 48 . However, since a liquid crystal panel has 241nm 
retardation value deltan-d, it has set the magnitude of sum total retardation value R f of polarizing plates 34A and 
34B and the phase contrast compensation films 33A and 33B as said 21 8nm near 241nm. 
[0059] As drawing 50 (A) shows, it turns out that it amounts to 4000 as the angle-of- visibility field where a 
contrast ratio exceeds 10 in this case is further expanded rather than the case of drawing 49 (A) and the contrast 
ratio of the direction of a panel transverse plane is also shown in drawing 50 (B). Although the viewing-angle 
property explained deteriorating in conventional TN mode liquid crystal display extent with VA mode liquid 
crystal display previously when the pre tilt angle became 75 degrees or less in relation to drawing 43 -47 With 
the configuration of a liquid crystal layer 32 like drawing 48 which has the phase contrast compensation films 
34A and 34B up and down, as a pre tilt angle shows 75 degrees to drawing 51 , the field which gives a contrast 
ratio 10 (CR=10) becomes large, and the viewing-angle property which can be satisfied as a liquid crystal 
display is acquired. However, the thickness of the liquid crystal layer 32 is the thing of an about when 3 
micrometers and a twist angle are [ 45 degrees and the pre tilt angle of drawing 51 ] 75 degrees. 
The liquid crystal display by [an example 2], next the 2nd example of this invention is explained. 
[0060] In this example, same MX95785 (deltan=0.0813, deltaepsilon=-4.6) by Merck Co. is used instead of 
MJ941296 of the point as liquid crystal in the liquid crystal display which has the configuration of drawing 48 . 
Since other configurations are the same as the equipment of drawing 48 , the explanation about the 
configuration of equipment is omitted. Drawing 52 shows the standup property of the liquid crystal display by 
this example at the time of setting eel thickness d of the liquid crystal layer 32 to 3 micrometers about the case 
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where a twist angle is made into 0 degree, 45 degrees, and 90 degrees. In this example, chiral material is not 
added in the liquid crystal layer 32. As drawing 52 shows, it turns out [ applied voltage is before or after 10ms 
in the range which is 4-8V, and build up time TON excelled / things / in the liquid crystal display very much 
except for the case where a twist angle is 0 degree ] that it starts and has a property. On the other hand, 
generally in the liquid crystal display in TN mode, build up time TON is 20ms or more. 
[0061] Drawing 53 shows the falling property of the liquid crystal display by this example at the time of 
similarly setting eel thickness d to 3 micrometers about the case where a twist angle is made into 0 degree, 45 
degrees, and 90 degrees. In this example, chiral material is not added in the liquid crystal layer 32. It is the 
falling time amount TOFF so that drawing 53 may show. Also in which twist angle, it is before or after 5ms, 
and it turns out [ the liquid crystal display was very excellent in ] that it falls and has a property. On the other 
hand, with the liquid crystal display in TN mode, it is the falling time amount TOFF. Generally it is 40ms or 
more. 



[0062] 
[Table 2] 
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Table 2 shows change of the viewing-angle range which gives the viewing-angle property at the time of 
changing the total value of negative retardation R' which polarizing plates 34A and 34B and the phase contrast 
compensation films 33 A and 33B form, especially a contrast ratio 10, and 1 1 tone-reversal include angle in the 
liquid crystal display by this example. 1 1 tone-reversal include angle expresses the direction of a polar angle 
which is mutually reversed, and is in sight, when 1 1 gradation performs halftone in the direction of a transverse 
plane of a liquid crystal panel. [ of the brightness of the gradation which constitutes this halftone ] If such tone 
reversal arises, a display will be crushed and it will become hard to see. For this reason, a tone reversal include 
angle is so desirable that it is large. However, in this example, retardation deltan-d of the liquid crystal layer 32 
is forward, and has the value of 246nm. It turns out that an angle of visibility expands the total value of 
retardation R' in which the phase contrast compensation films 33A and 33B and polarizing plates 34A and 34B 
form Table 2 in an azimuth (90 degrees, -90 degrees, and 180 degrees) by carrying out a setup soon at 
retardation deltan-d of the liquid crystal layer 32. 



[0063] 
rTable 31 
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Table 3 shows change of the viewing-angle property at the time of changing a twist angle, and 1 1 tone-reversal 
include angle in this example. The result of Table 3 shows that the viewing-angle dependency by the twist angle 
does not exist substantially. However, it is the thing of an about, when the phase contrast compensation films 
33 A and 33B do not establish the result of Table 3 but only the phase contrast compensation (R=88nm) of 
polarizing plates 34A and 34B exists. 

[Example 3] drawing 54 shows the configuration of the liquid crystal display 40 by the 3rd example of this 
invention. However, the same reference mark is given to the part explained previously among drawing 54 , and 
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explanation is omitted. 

[0064] Although a liquid crystal display 40 has the liquid crystal display 30 explained to drawing 46 , and a 
similar configuration with reference to drawing 54 Instead of having-negative retardation of drawing 48 phase 
contrast compensation film 33B 1st phase contrast compensation film (33B) 1 which has a forward retardation 
2nd phase contrast compensation film (33B) 2 which has a negative retardation Said forward phase contrast 
compensation film 1 (33B) Negative phase contrast compensation film 2 near the liquid crystal panel 31 again 
(33B) It differs at the point arranged in the outside. Phase contrast compensation film 2 (33B) It is the phase 
contrast compensation film (33B) 1 to having an optical axis perpendicular to the principal plane of a liquid 
crystal panel 31. It has an optical axis parallel to the principal plane of a liquid crystal panel 31. 
[0065] Drawing 55 shows the permeability of the black display condition (at the time of un-driving) over 
various polar angles when thickness d of the liquid crystal layer 32 is made to 3.5 micrometers and it makes a 
twist angle 45 degrees in the liquid crystal display 40 of drawing 54 . However, it sets to drawing 55 and is the 
forward phase contrast compensation film (33B) 1. A retardation is set to lOOnm and the optical axial angle 
theta is changed variously. The optical axial angle theta is [ as opposed to / as shown in drawing 54 / a twist 
medial axis ] the phase contrast compensation film (33B) 1. It defines as an include angle which an optical axis 
makes. It is the negative phase contrast compensation film (33B) 2 in that case. The permeability with which a 
retardation value spreads abbreviation etc. on retardation deltan-d of said liquid crystal panel 31 and which has 
set up and was illustrated is a thing about the direction of 90-degree azimuth. 

[0066] With reference to drawing 55 , also in which polar angle, when the optical axial angle theta is about 45 
degrees, it turns out that the permeability of a black display condition becomes min. Thus, improvement in a 
viewing-angle property is realizable by minimizing the permeability of a black display about all viewing angles. 
In drawing 55 , when polar angles are 0 degree and 20 degrees, also in about 135-degree optical axial angle, the 
permeability of a black display condition becomes min, but since a polar angle becomes [ permeability ] large in 
40 degrees or more in this case, an improvement of a desirable viewing-angle property is not brought about. 
[0067] It sets to the liquid crystal display 40 of drawing 54 , and drawing 56 is the forward phase contrast 
compensation film (33B) 1. The permeability of the black display condition at the time of changing a 
retardation is shown about various polar angles. However, also in the case of drawing 56 , the azimuth is made 
into 90 degrees. It is the forward phase contrast compensation film (33B) 1 for referring to drawing 56 . By 
setting a retardation value as the range of 20-60nm, the permeability in a black display condition can be 
minimized about all polar angles. In this case, permeability is less than 0.002. 

[0068] Drawing 57 shows the viewing-angle property of the liquid crystal display 40 of drawing 54 . However, 
phase contrast compensation film 1 forward in the property of drawing 57 (33B) They are 25nm and the 
negative phase contrast compensation film (33B) 2 about Retardation R. Retardation R f is set to 240nm. 
Moreover, thickness of 45 degrees and the liquid crystal layer 32 is set to 3 micrometers for the twist angle of a 
liquid crystal molecule. A very large angle of visibility is obtained by using combining a forward and negative 
phase contrast compensation film so that drawing 57 may show. 

[0069] On the other hand, when sequence is reversed and the same forward and negative phase contrast 
compensation film is arranged, the viewing-angle property of a liquid crystal display 40 will narrow remarkably 
like drawing 58 . When combining a forward and negative phase contrast compensation film in a liquid crystal 
display 40 from this, the physical relationship is important, and it is the negative phase contrast compensation 
film (33B) 2. Forward phase contrast compensation film 1 (33B) It turns out that it is necessary to arrange 
outside. 

[0070] Furthermore, drawing 59 shows the viewing-angle property at the time of omitting a phase contrast 
compensation film in the liquid crystal display 40 of drawing 54 . A viewing-angle property will narrow very 
much in this case so that drawing 59 may show. 

[Example 4] drawing 60 is another negative phase contrast compensation film (3 3 A) 2 which has a negative 
retardation also between bottom polarizing plate 34A and a liquid crystal panel 31 in the liquid crystal display 
40 of drawing 54 further. The liquid crystal display 50 of a configuration of having arranged is shown. 
[0071] It sets to said liquid crystal display 40, and drawing 61 is said another negative phase contrast 
compensation film and said another negative phase contrast compensation film (33B) 2. It is said forward phase 
contrast compensation film (33B) 1 about the transmission in the black display condition at the time of setting 
up that abbreviation etc. spreads a total retardation value on the retardation value of said liquid crystal panel 31. 
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It is shown as a function of a retardation value. 

[0072] Transmission [ in / so that drawing 61 may show / by this configuration / a black display condition ] is 
the phase contrast compensation film (33B) 1. It becomes min when a retardation is in the range which is 50- 
60nm. Namely, this phase contrast compensation film 1 (33B) In order to be effective, it is the phase contrast 
compensation film (33B) 1. It is necessary to set a retardation value as about lOOnm or less. 
[0073] It sets to the liquid crystal display 50 of drawing 60 , and drawing 62 is said phase contrast 
compensation film (33B) 1 . A retardation value is fixed to 30nm and it is the negative phase contrast 
compensation film (33B) 2 and 2 (33 A). The permeability in the black display condition at the time of changing 
retardation value R' is shown. However, like the case of the point, permeability is a thing to the direction of 90- 
degree azimuth, and is changing the value of a polar angle variously. 

[0074] It is the phase contrast compensation film (33B) 2 that transmission serves as min so that drawing 62 
may show. Although it is the case where the value of negative retardation R to form is about 250nm, this 
optimum value is somewhat smaller than the value of retardation deltan-d of the liquid crystal layer 32. As 
explained also in advance, it is the forward phase contrast compensation film (33B) 1 . When not preparing, it is 
the phase contrast compensation film (33B) 1. The optimal retardation value is equal to retardation value deltan- 
d of the liquid crystal layer 32. Namely, said negative phase contrast compensation film (33B) 2 and 2 (33 A) It 
is the forward phase contrast compensation film (33B) 1 moreover. When using, it is the negative phase contrast 
compensation film (33B) 2. It is necessary to set up an optimum value small somewhat rather than retardation 
value deltan-d of the liquid crystal layer 32. Anyway, sum total retardation value R of a negative phase contrast 
compensation film is the phase contrast compensation film (32B) 2. Even when using, and also even when 
using another negative phase contrast compensation film, it is necessary to set it as 2 double less or equal of 
retardation value deltan-d of the liquid crystal layer 32. 

[0075] Drawing 63 shows the viewing-angle property of the liquid crystal display 50 of drawing 60 . It turns out 
that the area of ten or more fields is expanded by the contrast ratio as compared with the result of drawing 19 
which shows the viewing-angle property of corresponding at the time of using only a negative phase contrast 
compensation film. 

[Example 5] drawing 64 shows the configuration of liquid crystal display 50' by the 5th example of this 
invention. However, a corresponding reference mark is given to the part previously explained among drawing 
64 , and explanation is omitted. 

[0076] Liquid crystal display 50' is said liquid crystal panel 31 and said negative phase contrast compensation 
film (33 A) 2 for referring to drawing 64 . In between, it is the forward phase contrast compensation film (33 A) 
1 . The outstanding angle-of-visibility property which comes to arrange and is shown in drawing 65 is acquired. 
[Example 6] drawing 66 shows the configuration of the liquid crystal display 60 by the 6th example of this 
invention. However, a corresponding reference mark is given to the part previously explained among drawing 
66 , and explanation is omitted. 

[0077] drawing 66 -- referring to ~ this example ~ setting ~ previously ~ having explained - a liquid crystal 
display - 50 ~ 50 - ' ~ setting - forward - phase contrast - compensation ~ a film (33B) - one— negative - 
phase contrast - compensation ~ a film (33B) - two - preparing - instead of - being single ~ biaxial ~ a sex - 
- phase contrast - compensation - a film ~ 33 - B - ' - between a liquid crystal panel 31 and polarizing plate 
34B ~ inserting . phase contrast compensation film 33B' - optical biaxial nature ~ having - the refractive 
index nX to each direction of x, and y and z, ny, and nz ******** - nX >ny >nz Or ny >nX >nz is 
materialized. This biaxial nature phase contrast compensation film is well-known, for example, what is 
indicated by JP.59-1 89325,A may be used. 

[0078] The retardation which this biaxial nature phase contrast compensation film 33B' forms is given by 
formula R=|nX-ny |-d about field inboard, and is given in the direction (the thickness direction) perpendicular to 
a liquid crystal panel 32 by formula R={(nX+ny) /2-nz} and d. In this example, the optimal result is obtained 
by setting up equally to retardation deltan-d of the liquid crystal layer 32 the retardation of 120nm or less and 
the thickness direction for the retardation value within a field. However, in the example of drawing 66 , phase 
contrast compensation film 33B' is arranged so that the lagging axis within the field may turn into an absorption 
shaft of polarizing plate 34B to abbreviation parallel. The lagging axis within a field is nX >ny >nz. When 
relation is materialized, to a x axis, it is ny >nX >nz again. When materialized, it is in agreement with the y- 
axis. 
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*[0079]'lt sets to the liquid crystal display 60 of drawing 66 , and drawing 67 is the lagging axis nx within a field 
of said biaxial nature phase contrast compensation film 33B\ The permeability in the black display mode at the 
time of changing an azimuth is shown. Biaxial nature phase contrast film 33B ! is the lagging axis nx within said 
field so that drawing 67 may show. The permeability in a black display mode can be made into min by 
arranging so that about 45 degrees or 135 degrees, i.e., the adjoining absorption shaft of polarizing plate 34B, 
and Azimuth theta may cross at right angles, or so that it may extend in parallel. By setting said azimuth theta as 
about 45 degrees especially, the polar angle of all the range to 80 degrees - 0 degree can be covered, and the 
permeability in a black display mode can be inhibited to 0.2% or less. 

[0080] Drawing 68 shows the permeability in the black display mode at the time of changing the thickness of 
said biaxial nature phase contrast compensation film 33B f in the liquid crystal display 60 of drawing 66 . 
Although permeability becomes min in the place whose thickness is about 130 micrometers so that drawing 68 
may show, said biaxial nature phase contrast film 33B' produces the 240nm retardation R or R in 39nm and the 
thickness direction in a field in this thickness. If the above-mentioned result is generalized, in the liquid crystal 
display 60 of drawing 66 , the permeability in a black display mode can be minimized by setting retardation R ! 
120nm or less of the range of 20-60nm, and the thickness direction as 2 double less or equal of retardation 
deltan-d of the liquid crystal layer 32 for the retardation R within a field preferably. 

[0081] Drawing 69 shows the viewing-angle property of the liquid crystal display 60 of drawing 66 . However, 
in drawing 69 , they may be nx =1.502, ny =1.5017, nz =1.5, and d= 120nm. d is the thickness of the liquid 
crystal layer 32. A liquid crystal display 60 shows the outstanding viewing-angle property so that drawing 69 
may show. As the above-mentioned biaxial nature phase contrast film, the phase contrast film (for example, 
Sumitomo Chemical VAC film) which carried out biaxial extension of the polycarbonate, the TAC film used as 
the protection film of a polarizing plate can be used. 

[Example 7] drawing 70 shows the configuration of the liquid crystal display 70 by the 7th example of this 
invention. However, the same reference mark is given to the part previously explained among drawing 70 , and 
explanation is omitted. 

[0082] With reference to drawing 70 , by this example, besides said phase contrast compensation film 33B' 
Optical biaxial nature phase contrast compensation film 33 A is arranged also between a liquid crystal panel 31 
and polarizer 34A. In that case, the lagging axis of film 33A' arranges phase contrast compensation film 33B 1 
and 33A' so that it may intersect perpendicularly with the absorption shaft of an adjoining polarizer, so that the 
absorption shaft of an adjoining analyzer and the lagging axis of film 33B' may cross at right angles 
substantially. 

[0083] Drawing 71 shows the viewing-angle property of a liquid crystal display 70. A liquid crystal display 70 
gives the outstanding viewing-angle property so that drawing 71 may show. 

[Example 8] drawine 72 shows the configuration of the liquid crystal display 80 by the 8th example of this 
invention. However, the same reference mark is given to the part previously explained among drawing 72 , and 
explanation is omitted. With reference to drawing 72 , it sets to the liquid crystal display 80 of drawing 54 , and 
a liquid crystal display 80 is the phase contrast compensation film (33B) 2. It is the abridged thing. 
[0084] Drawing 73 is the forward phase contrast compensation film (33B) 1 about the permeability in the black 
display mode of a liquid crystal display 80. It is a film (33B) 1, making it rotate, nx It asks changing the 
azimuth of a shaft. When nx is in physical relationship (about 45 degrees or about 135 degrees) to a twist 
medial axis, the permeability of the liquid crystal panel in a black display mode becomes min so that drawing 
73 may show. Among these, since permeability serves as min to all the polar angles of the range of 0 degree - 
80 degrees especially in a 45-degree azimuth, it is the most desirable. 

[0085] Drawing 74 is said forward phase contrast compensation film (33B) 1 about the permeability in the 
black display mode of a liquid crystal display 80. It is shown as a function of thickness. With reference to 
drawing 74 , the permeability in the black dispplay mode of a liquid crystal display 80 is said phase contrast 
compensation film (33B) 1. It turns out that it becomes min at the time of the thickness which is 140-150 
micrometers. Phase contrast compensation film 1 (33B) The retardation R within a field goes into the range 
which is 140-160 micrometers, when thickness is 140-150 micrometers. That is, it sets to a liquid crystal 
display 80, and is the forward phase contrast compensation film (33B) 1 . When using, it is a film (33B) 1 . As 
for the retardation within a field, it is desirable that it is less than 300nm. 

[0086] Drawing 75 shows drawing 73 and the viewing-angle property of the liquid crystal display 80 optimized 
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according to 74. When not preparing the phase contrast compensation film shown in drawing 59 , the viewing- 
angle property of a liquid crystal display 80 is improving remarkably, so that drawing 75 may show. 
[Example 9] drawing 76 shows the configuration of the liquid crystal display 90 by the 9th example of this 
invention. 

[0087] With reference to drawing 76 , a liquid crystal display 90 is the forward phase contrast compensation 
film (33A) 1 shown in said liquid crystal display 80 at liquid crystal display 50' of drawing 64 . It has the added 
configuration. However, phase contrast compensation film 1 (33B) Lagging axis nx within a field It is the phase 
contrast compensation film (3 3 A) 1 so that it may intersect perpendicularly with the absorption shaft of 
adjoining analyzer 34B. Lagging axis nx within a field It is arranged so that it may intersect perpendicularly 
with the absorption shaft of adjoining polarizer 34A. 

[0088] Drawing 77 shows the viewing-angle property of a liquid crystal display 90. With reference to drawing 
77 , the viewing-angle property of a liquid crystal display 90 improves greatly as compared with the viewing- 
angle property at the time of not preparing the phase contrast compensation film shown in drawing 59 . 
[Example 10] drawing 78 shows the configuration of the liquid crystal display 100 by the 10th example of this 
invention. 

[0089] Although a liquid crystal display 100 has the same configuration as the liquid crystal display 90 
explained previously with reference to drawing 78 Phase contrast compensation film 1 (33B) Lagging axis nx 
within a field So that the adjoining absorption shaft of analyzer 34B and the include angle of 45 degrees may be 
made Moreover, phase contrast compensation film 1 (33 A) Lagging axis nx within a field The points arranged 
so that it might become about the adjoining absorption shaft of polarizer 34A and the include angle of 45 
degrees differ. 

[0090] Drawing 79 is the viewing-angle property of a liquid crystal display 100 The phase contrast 
compensation film (33A) 1 and 1 (33B) The case where the retardation value R is set to 75nm, respectively is 
shown. If the viewing-angle property of a liquid crystal display 100 compares the viewing-angle property at the 
time of not preparing the phase contrast compensation film shown in drawing 59 so that drawing 79 may show, 
although the improvement is carried out, compared with the thing of other examples, it is somewhat inferior. 
[Example 11] drawing 80 shows the configuration of the liquid crystal display 1 10 of the active-matrix drive 
method by the 1 1th example of this invention. 

[0091] TFT(31a f ) TFT which drives two or more transparence pixel electrodes (31a') PIXEL and this on glass 
substrate 31 A or 3 IB in the configuration of drawing 80 in this example corresponding to the pixel formed in 
the liquid crystal panel It is formed. Namely, said transparence pixel electrode (31a 1 ) PIXEL and TFT(31a f ) TFT 
It corresponds to electrode 3 1 a' or 3 lb 1 of drawing 48 . Moreover, on said substrate 3 1 A or 3 IB, the data bus 
DATA which supplies a driving signal to TFT by which the matrix array was carried out, and the address bus 
ADDR which activates this extend. 

[0092] Merck Japan MJ95785 is used for drawing 81 for the viewing-angle property of a liquid crystal display 
1 10 as liquid crystal, and it shows the case where thickness of a liquid crystal layer is set to 3 micrometers. In 
this case, retardation deltan-d of 45 degrees and the liquid crystal layer 32 is set to 241nm, and the twist angle 
of a liquid crystal molecule is using the Nissan chemical property RN783 as molecular orientation film 31a and 
31b (refer to drawing 48 ). The active-matrix drive liquid crystal display which has the very large viewing-angle 
range is obtained so that drawing 61 may show. 

In each example explained beyond [the example 12], as shown in drawing 82 (A) - (C), the so-called single 
domain molecular orientation configuration with the uniform molecular orientation of liquid crystal was used 
by each pixel. However, the sectional view where drawing 82 (A) met the top view of the field for 1 pixel of a 
liquid crystal display, and drawing 82 (B) met line A-B in drawing 82 (A), and drawing 82 (C) show the 
configuration at the time of making the liquid crystal display of drawing 8282 (B) carry out incidence of the 
incident light X and Y from two different directions, and have given the same reference mark to the part 
previously explained among drawing. Moreover, in drawing 82 (A), the direction of rubbing of molecular 
orientation film 31a where the arrow head of a dotted line was supported by bottom substrate 31 A again in the 
direction of rubbing of molecular orientation film 31b where the arrow head of a continuous line was supported 
by top substrate 3 IB is shown. The direction of rubbing of molecular orientation film 31b and the direction of 
rubbing of molecular orientation film 31a are alpha 1. Although it crosses at an include angle, when setting the 
twist angle of a liquid crystal molecule as 45 degrees, it is said include angle alpha 1. It is set as the include 
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angle of 45 degrees. 

[0093] Since the molecular orientation seen from the direction of incident light X differs from the molecular 
orientation seen from the direction of incident light Y in the drive condition in the liquid crystal display which 
has such a single domain molecular orientation configuration so that drawing 82 (C) may show, the fall of a 
substantial viewing-angle property is not avoided. On the other hand, drawing 83 (A) - (C) shows the 
configuration of the liquid crystal display 120 by the 12th example of this invention. However, the same 
reference mark is given to the part explained previously, and explanation is omitted. 

[0094] Drawing 83 (A) With the configuration of - (C), as shown in drawing 83 (B), in each pixel, ultraviolet- 
rays reforming molecular orientation film 31a' and 31b' are formed so that some molecular orientation film 31a 
and 31b may be covered, respectively. This ultraviolet-rays reforming molecular orientation film deposits 
another molecular orientation film on it after rubbing of the molecular orientation film 3 1 a and 3 lb, and after 
irradiating ultraviolet rays and changing molecular orientation to this, it should just form it by carrying out 
patterning so that it may leave only the part in each pixel. 

[0095] In that case, as shown in the sectional view of drawing 83 (B), by forming said reforming molecular 
orientation film 31a' in the field of the space bottom of the top view of drawing 83 (A), and forming said 
reforming molecular orientation film 3 lb' in the field of a space top As shown in drawing 83 R> 3 (C), when 
incidence of the incident light X and Y is carried out from a different direction, the liquid crystal molecular 
orientation which light picks up also in said which direction becomes equivalent in the drive condition of a 
liquid crystal display, and the viewing-angle property of a liquid crystal display is improved further. 
[0096] Drawing 84 (A) - (C) shows the example of a complete-change form of this example. With reference to 
drawing 84 (A), in this example, the direction of rubbing is changed in the field of a space top, and the field of 
the space bottom, and as shown in the sectional view of drawing 84 (B) as a result, molecular orientation differs 
in each pixel in a right-hand side field and a left-hand side field (it corresponds to the top field and bottom field 
of drawing 84 (A)). Consequently, as shown in drawing 84 (C), when incidence of the incident light X and Y is 
carried out from two different directions, in the direction of its it, the orientation of a liquid crystal molecule 
becomes equivalence like the case of drawing 83 (C), and its viewing-angle property of a liquid crystal display 

improves. , . 

[0097] It sets to the liquid crystal display of the configuration of drawing 84 , and drawing 85 is an include 
angle alpha 1 and alpha 2. A viewing-angle property when each sets thickness d of 45 degrees and the liquid 
crystal layer 32 to 3 micrometers is shown. However, a liquid crystal display uses MJ95785 of said Merck 
Japan as a liquid crystal layer 32 in drawing 85 , and chiral material is not added. That is, the liquid crystal layer 
32 has the value of 287nm as retardation deltan-d in this case, and a twist angle is set as 45 degrees. Moreover, 
it is the forward and negative phase contrast compensation film shown in drawing 64 The forward phase 
contrast compensation film (33A) 1 and 1 (33A) The sum total retardation value R has prepared [ sum total 
retardation value R' of 25nm and negative phase contrast compensation film (33B) 2 , ] so that it may be set to 
160nm. 

[0098] With reference to drawing 85 , by constituting a liquid crystal display in this way shows that the field in 
which a contrast ratio is less than 10 is limited very much, and the viewing-angle property which was very 
excellent is acquired. Although drawing 86 is as a result of the simulation of the viewing-angle property of the 
liquid crystal display of the same configuration, according to this, it turns out that a liquid crystal display can 
realize the further excellent viewing-angle property by optimization of each part material. 
[0099] drawing 87 - said the 1- the configuration of the direct viewing type liquid crystal display 130 
constituted using the liquid crystal display indicated in each 12th example is shown. With reference to drawing 
87 , the direct viewing type liquid crystal display 130 consists of a VA mode liquid crystal display 101 which 
may be any of said liquid crystal displays 10-120, and the surface light source 103 arranged back [ the ]. Two or 
more pixel fields 102 are formed by the liquid crystal display 101, and the back light emitted from said surface 
light source 103 is optically modulated to it. On the other hand, the surface light source 103 consists of the light 
source section 103 including the line light source of fluorescence tubing etc., and the optical diffusion section 
104 which is made to diffuse the light emitted from said line light source, and illuminates the whole surface of 
said liquid crystal display 101 two-dimensional. 

[0100] VA mode liquid crystal display by this invention previously explained in each example fits especially 
the direct viewing type liquid crystal display of a configuration as shown in drawing 87 in order to give a large 
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viewing-angle property especially. In each above example, although the liquid crystal which has a negative 
dielectric constant anisotropy was used for the liquid crystal layer 32, as this invention was explained also in 
advance, it is also possible to use the liquid crystal (the so-called p mold liquid crystal) which is not limited to 
the liquid crystal which has this negative dielectric constant anisotropy, and has a forward dielectric constant 
anisotropy. Moreover, although the positive/negative of a dielectric constant anisotropy itself is related to 
drawing 4 and the drive method shown in 5, since it is not related to the optical property explained after 
drawing 6 , optimization of the liquid crystal layer and phase contrast compensation film which were explained 
previously is similarly materialized, even when the liquid crystal which has a forward dielectric constant 
anisotropy is used. 

[0101] Moreover, it is the birefringence film which has a retardation 120nm or less in the example of drawing 
54 , 60, or 64 in this invention The phase contrast compensation film (33 A) 1 or (33B) 1 Although used by 
carrying out, it was difficult for such [ conventionally ] a birefringence to produce a very small phase contrast 
compensation film. On the other hand, paying attention to the resin which has norbornene structure in a 
principal chain being almost optically isotropic, the artificer of this invention uses this norbornene resin, and is 
said optimal phase contrast compensation film (33A) 1 and 1 (33B). It succeeded in producing. 
[0102] As mentioned above, although this invention was explained about the desirable example, various 
deformation or modification are possible for this invention in the summary which it is not limited to this 
example and indicated to the claim. 
[0103] 

[Effect of the Invention] In the perpendicular orientation mold liquid crystal display which changes a condition 
from the condition of not driving to a drive condition by parallel electric field the liquid crystal layer by which 
the closure was carried out between the 1st and 2nd substrates according to the description of this invention 
according to claim 1 to 4 - containing - said liquid crystal layer - abbreviation ~ The 1st clearance between 
the 1 st polarizing plate which adjoins said 1st substrate and this, At least to one side of the 2nd clearance 
between the 2nd polarizing plate which adjoins said 2nd substrate and this the refractive index nx to each 
direction of x, and y and z, ny, and nz ********- nx >ny >nz or it is set to ny >nx >nz - A large angle of 
visibility is realizable by arranging an optically biaxial phase contrast plate so that the lagging axis within the 
field of said phase contrast plate may serve as the absorption shaft of said polarizing plate, the abbreviation 
concurrency, or the abbreviation perpendicular arranged in the same side as said phase contrast plate to said 
liquid crystal layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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HI 1 ©EiS)*i6lio»e>l9E* 1 *3 J:WJB 2 <DS*fc¥fTfc 
£ 2 oEn^rii£ftft»o-cKfl:i-s 4 5 c^titf 

*«t«riaJBl©ffl3t«i:©|R]OjBl©BllWi:> «o 

2<nmmt tu 2 nmim t <o m<om 2 <D&m <d<p & 

<H-*l^ x, y, z cD3-;frfa^<D®#T^nx • n 
y , n z tCOVT, n x >n y >n z fcSVttny >n 
x >n z bttZ. -*M4<Q<tffi*l«Sr, i!tilE#:*@M«rc> 

B&*tift.5 4 5f;:ESS:£*U aWB«ft**««tt. W 
ISSNMfrT-©*!*!**, WfEIS 1 *5 it/JB 2 

^$*vfcatnsm#tcjs c -entries? 1 ©*iRi*»e>«WE» 



4 

ny 1 ■df4i^5irtroy^f->3y^ 12 

0 nm«T"ei)5 r t Srfl«Ri:i-SBI*qi 1 E«©8*i& 

EttffiM©Irt© y ^ s 2 O n m«±, 6 
0nmHTtfc5 - t fclMRii-SWJfc^KfcOSA 

E&=fig«tt. #*Bg1R©J93&d t UfcNft, { (n 
x +n y ) /2-n z } • d^t^f^^l©!) 
9<T->s<a>&, fflBNLB>m<D a XO 2m&> 

lei"), 

[001 1 ] £TF\ #3SW©]SGa$:lMii-5. El 1 14, 
*»WlcJ:5ttfi**SEll©U*W«J**r*-t-. Ell* 
jfcs&*^Bl 0t4ffiSfc^l6]-t-5— 

■tfy^g&i ia, i lBt, ^©rai-WA^axsasi, 

I12i 4 9«j«**t5*ft^A'S:**» WER*'* 
-*/KDT*lwf4£PP 13a -C-^Lfc^l^ldBiitX^Sr^i- 
■5*1©«#« 1f) 13A^ £*L±75Kf4 

3 b -e* Lfc*l6lJc»i|Z*S:*i-S» 2 ©«3t* 

[0012] 1 2 **^-r5?gSl4. jE;£7iLf4A 

©««»|sH*ttS:^rt-5ttft-C*>9, iillA, 11 

X, Tffi!lg« 1 1 Aj&OFOM^?- 1 2 a I4S« 1 1 A 

mom&tti 2 bA* x . mmi i BivM^xiissEivE 

A*-KT?tt^i-5*j6«3%Sle««r«J«i-S.-- 
[0013] El 1 ©«fiK«T?tt, TftllS^ HAIt -e 
©S#*lSl*^S^tMHlt)*|fij^2 2. 5° *7-fey 

^f4, ffii&^T-l 2 a»COV>Tf4, !0^»2>^ 1 ©El6]JK 
037K h V^l6l^6>±*t, ^8 9" (O^ST'Sv^c* 
iSiSttK^ vh-t-5o TfiySSl IB (4. ^<Dft 

#*lftl*>6>«ftHa?>*l6llCj»2 2. 5" t7-tyhUfc 

jyft\c? t°>< ntc'g 2 <D&ftm mfF&rn s-Ti 

ifc&ft+l 2 b»do^TI4. *»*»5^2<DEl6]JBi©7K' 

^^*iaa*»e»T*»^ ^8 9° ©AflE-C«v^*l6lSrJK 
-Yvhi-5 0 i-/£ip*>, m&m 1 2 *^io^-C, %A^- 

-^(4_hT©£tgl 1 A, 1 1 BOPalTM 5° <T>V 4 * V 

ft-zwifctz, frtcLs m i K^-f-J: 5 izmm 1 ia, 

1 1 B*»fe«ft/^^SrJBJ5fe+SB, I«HA, 11 
B»47t'>'^(^/ii 5 Sl'^-4 5° co^*-e*t-(S]-r^4 5 

[0 0 14] S^i l AfciVi i B.t'JftSiSA^ 
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/wcoTW-tt. W9M\ 3 a ZtftZtf^v^-fi 3 A 

tt, Rttfci 3btr*+ar-*-?-rifi sbjmers 

*V »A/^/»'SriBiBUS:3fc«:» S*JRtt 1 3 b fcE£i* 

3 BdS. @MX«ll 3 a, 1 3b^l^|;I 
X-f5J:5fc:e«S*t-C^3#fr» 3 At* 

[0 0 15] 3A©^J:i;Wl 3B©^:*b 

ffiAJI 1 2 «f©tt*^F-»4» tt*^ 1 2 a fcStXi 1 
ftv\ WE«ft**36« l o -ctt, MOW 

*WB*«fc£*5. ffA*a%ita l 0 -? 

[0 0 16] HI 2 (A) (4, *^5tSS*^3SSl OlC 
olr>Ts #77-ff UAfcWTty^f 
ltKttl3a, 13bfflM*, 6 Sr#^lC^b^-erfc^ 
F7^ hJ*Sr*-*\, fcf£U AS*, 0f4, 0 

2 (b) (DW-mm^TF-rxoicfemzti, =vh7^F 
jttt, #m»jttf§ Ammms. o v):: t.5 v <DmW)W£& 

fPMVtcftffi*itmVtz.h<D-?3bZ>* 0 2 (A) ©fllT* 
tt. «£)■ 1 2 $lfi£t5rSt' UTv A n = 0.08 
13. A £ =-4. 6®t>© (^j^fi^/w^^-r^vit 
4 j§io D p£M J 9 5 7 8 5 t LTA#"TfEfr?l3tiflIS>&) 
«r»\ ffl*Sl3A, 1 3 Bt LTf4rfjJ15©t>©. M 
itfBltlSCiG 1 2 2 0DU£H£ofc 0 ASA 
•fe/uoffS, -*-fc*>t>*dWi 1 2©I$ d»43. 5 Mm 
{-ISSU-CfcS. fc*?U A n = n e - no T'fc <9 , n 
e , n 0 (4, Ztl^fim&Wz&tfZ&ftlt&XXfiJEft 
%<DWS\^^. A £ »4R«*J»*ttSr*i". 

[00 17] £1*02 (B) ^.©0[4il£ 
S^Bl 0fc*S»t5JKft^©y-f ^ h^l. *54tf 
h<D*&mzttTZ>#7 7 << 'IfSMXttl 3 a©* 

-Y tffflURtti 13b 0 Sr^-To fc£ U 02 

(B) cD^fSEl-efi, ^^^©^'MfcfcW 
0i©*jj«i:f±J**0. «ft**8fll 
1 0£, ±«S«l 1 B©f6j#«rl 8 0° T 

ffl»S«l 1 A©fa#£I^D#ft{c:&£4 pt-^bTfc 

[0 0 18] 1112 (A) Sr#fi?.-rS{-, fSAS^E 1 



5 

O©^ hJfcf4. ^?77'ffl3A*5j:t;7t7 

-Ylf 1 3BiSESE=3/V/«fB, •r*to*>KllXttl 3at 

!Riix$4i 3 b i^a^-rs^i-fe^tr^Tct-^t). # 

K« = 4 5° , -Tft;fc>*>0 2 (B) ©0° - 1 8 0° £ 
».£E*M-*J-J£-*" i 5S''f* h UtoK97 
•YlflRlRttl 3 aCD/,e-r^S* s 4 5° ©tfflllCio^T, 

^^•^©JRttl 3 b©ft-T£E»4l 3 5° Jc^So * 
io fc, ^ft*3Xh7^Mi, 02 (B) K&^^xfi 
«**3j:t/9 ^^^^-4 5° ioitf-iss 0 izm 
3tUTt»fe^50ttWfe*»-C*)5. ::©#£-Kf4, 0 
1 »C*S1/>T®HX*4l 3 arofftlEy-f* ht^SCMLt 
13 5°, * fciRiMtt 13b ©IRES' >f * h 

[0 0 19] HI 2 (A) J;*)t>*»5J;5t-, 

ld*5^Tt> 7 0 O&MtLZ^^ h7^ hifc^W^HS 
*S X 1 0 0tS©=y t-7^ hJfcL/5\ 

20 %t>frt£^m'fS<DV'( * Y*-? 1 ?*? (TN) ?£A*^ 

»ll^»-t-svA»ift*^ll«>«fl:ttSr*i"t>o'e*> 

[00 2 0] HI 3 (A) ~ CD) fi, El 1 ©fi£A3^£l 
El o©fttfM$tt4rlMH-$0-C*>5. fc^'L, 

03 (a) M^Tiii otcTOp^ixsmii 

^/u^Oft»Sr*-*-St*0-C*>t)» 03 (B) I4S3 

(A) ©«E/</i'^^»*£:U-C^tS*fifi*S?«l 0 
©S^^O^'ftSr.. 1 2 IC* ^ yjvtt Srm*P 

so ^ofc^-JoiUJ^DLfc^t-o^T, Zfl^hnWt 

fcfc'i;; 03 (B)-©*i*ri\ M 

t;V©f $di3. 5 ^ m(^lx^bfct©i-o^T©t, 

5° irLTfcSo 0^©0HT*(4, *-1'7/vfi'©t*5'f p 
f4, »AJI1 2<0J*Sdfc*H-3Jfcd/p#O. 25(C 
/iSipf-IS^bTfcSo 03 (B) 419^^545 

El 0f4, WiPSffi/NVKMcttJS LfcHftlHjt-— ^©S5 
^7tg3g*&*i-/i s . fi£f B g 1 2 (^7^-1' 7^*tSr^AP b 
40 fc4&-£K:f4. ®S*^SIE 1 0 ©3gi®*f4 s 

«/>t5r VA*-K©ffifi 
*^=iSB 1 0 i?f4, TN^e- K©*ft**SS«T?— «W 
^fc>ixTV^*-<7/i'W©^)P»4, $f*b< 5fev^6t» 

[0 0 2 1 ] 0 3 (C) 14, j^ft-fe/l-©J?$ d5:3. 5 
Mint Lfc*ft*S«ll OfcJSV^T, S^^-f 
^H^ISrO 0 -9 0° ©<6HT?3gfl:£-e:fc*frfcov* 
t> »ttaiS**Mt©^bSr*-*-. 0 3 (C) ±t>*>36» 

5 4 51c, hi 3 (a) (D^jj^^icftoWi&jmffimm 
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tlt£\,\ M>5S"f^ hfkOVmtt* KB1 1 A, 1 1 

[0 0 2 2] 1213 (D) (4, MtM>VS d £4 . 5 

*<NH40>afrfcS:5*-t-. i3 (D) J; 9 t?* s -5 J; 5 fc, HI 
3 (A) ©A;*/^*K#5j§a!^fi-trA'ff dis^>-t" 

^r^^a^ximm^ o%*^mam (s®*= 1 

0 0%) CD9 0%IC^-t-5*-e©^K|ToN- *fc*:78# 

mtoff ■t^fftfifeH-aeafefr u tto-c«*a 

Smtt^rt-S-i^fc**^. ir/W»d£2. 5 m 
[0023] 134 (A) , (B) f±, El 1 ©SStift*^ 

BfcJa^T* r^Sii 2 fc* ****** 
f B Sr^ofc^g-©«^Sr^-r o El 4 (A) , (B) Sr# 
Rg-TSJCx #7*&tgl 1 A±fcl±«tt'** — VI 1 a 
*$«fcrWH^E|6]Jgil la' 1 1B± 

icfiflg®^* — yi l b*ij:tf#^ffiffijjei 1 b' dJJK 

J«S;K 5HHKlS]l«l la' tllb' £0MKlffiAJI 

1 2tmft£i%?>o 

[0 0 2 4] ;oj^ El 4 (A) ©jRffctt, ttfr** 
— VI 1 a tfg^-yi 1 b t^P^^JiigKllffi^ 

tt, »*^T-tt, $HPEl6«l 1 a' *iJ:lM lb' CD 

5„ .^ic, Busa^^-vi i a ,ii b:Wic^sim. 

JESrPPJp-fS t, EI4 (B) li-jjH-J: b Id, ^<n>mW& 
[00 2 5] El 5 (A) , (B) (4, EUWVAT^e— 

K«ft**K«Ki*sv^T, m&mi 2 

U RW***t5. El 5 (A) , (B) ©*j&-e«U 

a±k©#-> -Mcopttsii/^-vi i & mm 

[0 0 2 6] El 5 (A) ^*-r*JB»ttt»fc*St^T»±. 
ttfi#*tt#^EtoK©ftUBfcJ:0» El 4 (A) £PMS 
fc, ««iStc*tUTBSSEfc:i2i6iLTV^*s, El 5 

(B) fc*i-K»tt«Ki*JV^Ta:. UWB-»©«tt©M 

B6f4, Bl 10 ©«A«tt«r*e>fcafe 

Elifwfc^r, mmi ia, i lBJb-J: 
-troraKitASttfciSi&Jg l 2<tt) fcSSeft^A' i 

©T&iSiS^^B 2 0 5r^-t" 0 



8 

[00 2 7] El 6 £r#H8-t-5 fc> 44flM*it«:7 ^ ;VA 1 
4 Af4, z 7J[S]lC;ft©y — Va VA n • di (An 
= n y — n z =n x — n z ; n x , n y , n z Ji-tiT-P 
JxJB5r^ttR#:o^ttx, y, z#6i©JBSr*, d x it 

/<^/H 1 t/K^V'fiF 1 3 AirOKf-ieS*^ tt& 

[0028] El 7 ~ 2 2 f±, d»A»S4tffi36»flt7 ^ /VA 
1 4ASria:»tfeHte»***Stll2 0©aAW±Sr, 7 
io -f;WAl4Aoy^7 f —>3yR' co^#$Sri*l:^ 
jtSitfcm^-iwO^T^-ro fdfc'U EI7~2 2i-*5^ 
•C, RJl*|fi]£D«»it0. 0° , 9 0. 0° , 18 0. 

0° &£tf2 7 0. 0° tt*ft?ft«>:2ri!feft«:« iztcm 
•bPai/^^jEmJjfa* 0° £ LT8Uofc&£Sr. 2 0 

° rans-c^i-. lot, m^xitmt\-m<om>bm*8 
o. o° ©»a$r*-r. &mmmi±. ^f?^ 

KikCR^5 00. 0, 200. 0, 1 00. 0, 5 

o. otsitfio. o©^3yh77M?:*t. 

[0029] EI7~2 2©^i*:ft©:^£-l;::te<> ,, Tt>, ^ 
20 as l 2 b Ltii, 0¥*.fi;< /v* ^-v^yttMroM J 9 
4 1 2 9 6f, A©««*»*ttSr*Tt-S*ftS:ttt\ 
Sfc«*4^ttO V/ 5 VW^mffi^w* 

5rffiofc*g-ldt#bn5„ t£oT, Ei7~2 2©^m 
tt, B4 (A) , (B) fc*i-*©R«*»*ttSr^rt- 

fcEi5 (A) . (B) Ki^i-jEO|t«sW*ttSr^ri-5 
jRSSrft o fe.V A.^=r.K«***il»v» UT *> v »U 

30 < $£-t-5o 

[0 0 3 0 ] I7~I6 KHol^Tfi, m&^J^ 

1 1©1SSStA n£:0. 08 04, t/UPdSrS^m, 
SbKtl^O^-f* h3S:4 5° .•Sfc^fA'h 

— v/gyin • d(42 4 1 nmi:45. EI7 ©#J-m, 
^f-yayR' H10 8nmt?, af B /^;v©!J^ 
7^— >#[2 4 1 nmiZy^-f-^itmR' /An • d t± 
0. 4 5ir^5©tC*fL, EI8©tSJT*(i, H^f-Va 
yR' 141 4 4nmf, HUlEifc^R' /An • dttO. 
40 6t4otV^„ Sbfc, El9©^JT-f4, U^-r — v-3 
yR' ttl 8 0 nmT*Htif2Jt*R' /A n • dteO. 7 
5»C, El 1 0 ©0!lT?li, D^f-yayR' 1 9 8 n 
m-eWEJk*R' /An • d # 0 . 82C. BllOA 
X'it, H^f-yayR' ^2 1 6 nm-efufEJfc*R' 
/An-d*50. 9 OfC, El 1 2©0iJ-m, y ^f*— > 
3 yR ' # 2 3 4 n mT'BUlEifc^R ' /An • d 0 . 
9 7t, GB 1 3 0>0!-Cf±, y 9<f— 9 S9 V-frSHtR" * 5 

2 5 2 n mT*miiSJt^R ' / A n • d # 1 . 0 5 tC, El 
14©0iJTtt, y^-r — ->a>-R' d52 7 0 nmT*milE 

so JfcS|BR' /An • d*Sl. 12C, HI 5©0iJ-C»4, y 
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#7?—-S3^R' 2*2 8 8 nrnT-HulEit^R' /An- 
dtfl. 2 OK, SbKHl 6CD0<JT*I±, »#f-'/B 
yR' #3 2 4 nm-CttiiEJt^R' /An • d#l. 3 

[0031] 07-16 £r#$H-5 »w, ffiS^^SS 2 
0f4, *H-0l ia?5v>H0i 2ic?jH\ Jfc^R' /A 
n • d # 1 ( 0 . 9 7—1. 0 5) $$1- 

~i 6©*s*wu ttift^*/n hcp^l-t, 

fSi««7^f/vAl 4ASrBaiS-r5r tic J; 9. 

[0 0 3 2] W±t-IftW LfciS*tt, B6©«Mtfcl3V* 
f , 1 iw±^(c, iMBttffiSllitflt^ /va 

1 4Ai tt9J©<fcKJI*Mt7 ^W14B £1212 

yR' (4, <£tB^tit«;M/VAl 4Ai&*B^*t«7-f 
/^UBO-^H-ffit'iS. 017-2 211 0 6©*» 

jjtfciawvc, tttiiS^/vAi 4AtsJ;t^/*fcfi 
l4B©^lty^f->3yR' Sr, jSft^ll© 
D^f-Vs^in • dtCBS— ffifi^/H 1 

^-f 0 fcfc'U 01 7-2 2l£3oV>T. CR=10T'S 

-r. 

[0033] 017-2249 fc>*>5 4 5 d 
d^8 2nm, *>5 Wi-tftSTFfcfcS ifllftWtt^W 

d»fc*'ffcUv ■.=* fc-v m& d a* 5/x mv, m^-xmsk'.** 

}V\ 1 CD U P^r — is g V A n • diU 1 On mWiti 

ft**3S«2 0k:*st^-C, R*/<*>H Kf^T-v 
3 yitfi8 0nmKl, 4 9 »* U< tt 8 2 n mKi 
-e, ft 4 0 0 nmJWT. 4 9*f£L<t4 4 1 0 nmKT 

04 (A) , (B) fcjjW-£©W«*»#tt*Eft*rte^ 
fctt**ji*3S1tfc*J-U"C©*fcfei\ 0 5 (A) , 
(B) ^3«i-jE©«m***tt«**tto^*****t 

[0034] 023-28 (4, m&S 1 2CDff£d£« 
* Ic^fc^-tirfc^-aCD, 0 6 (D^fs^^Sa 2 0 CD IE® 

trfa^vmmmz. =m&*m&+%**y<%fr<»&. (b 

G=#, R=#) (CO^T^Lfct,CO-efc?)o 

iSdi©J5& diU»m(4n-d = 82nra) JUTfc 

feldjbM^-Cfc^f&fcH&l^ (02 3) . 
[0 0 3 5] rfrUcfcfU m&m<Dm£ d*l nmU±- 



■bfl*©i!i»*»±*# < *B* 2 6, 2 7 ksh- 

4 51c, WIS^SS 1 2©»£ d 5:4-5 *i mi: Lfc*§ 

tfci*), r, g, B©#fet;ov>x. fjffi^i cmmm 

[0 0 3 6] ttft*d©»**S&fcJ**:£-8\ 
0 2 8\Z7jkirX ?»-6 ^ mfo^VMi-^ixa-h^lSSLfc 
R, G, B<D^lCO(,^TB&^LV^i§*^#b 

io ©«£-fci±, r, g, Bv&eLiztt-tzmmmtm^i' 

< >i5Sf)lffioei* 5 ia 2 6 fc£ W40 2 7 iCjoltS 
J;H»totU5. mm-TSi:. 02 8©1f/&-e 

[00 3 7] i6©MS^atl:fc 
l/^-C, ?SiSi^i 1 2©J¥£ d(4, lAjmJ^±, 6 jx m»T 

ffc5ii* s »4u\ ffiftSi 2<oy ^ 

f-ygyil, i^)8 0nm&[±, ^4 0 0nm«T-Cfo 
20 5©4!ffSL^. K«*ttli»±, 04 (A) , (B) \Z 

^*H1»U-C©**fe1"» 0 5 (A) , (B) KtjW-IE 

[0038] 0 2 9 — 3 2 tt, 06 <D?SS*^^B»-*5 

02 9-3 2(4, mSll^^fcfe^k?:, CIE (1 
9 3 1) «m*femiC^.n ,y. b.Ufc0t?fc5o 02.9—...-. 
30 3 2 * » *H«»±*ffiA & 0 ° <0^& S: . !W^^»4*fi: 

[0039] 029 Sr#fiBi-?> IC, 1 2 00 

KdSrUm, ftot*ft/<*/H lOHr-v'a 

L-d^Lx 03 OlC^-f-4 5fc, ?S^ei 2cDJ¥$dAS3 
M m(An-d=246nm) i: Lfc^(C»4, -fe^k 

[0 0 4 0] IW^L, MI12©f$dlr4^m 
(An • d = 3 2 8 nm) t Lfc0 3 1 ©*&K*4, ffi 
S^^1B2 0 004CS#,^'fkf4^^^^:^<^ , 5. * 
fc*te^d3 9 0 o -Cfc^S^-t. 0° fe5VM44 5° "C 

5, ^biC. B 3 2 K*t ± 5 K«M 1 2 d S: 
(An • d = 410nm) l^^bfc^-&. fc^ 
^(40 3 3tc:^-f4 0 l-v )¥S d&6/im (An • d = 
4 9 2 nm) fcKJE fii^tvSfettli 
so *flffc*:*</ji5 0 



t# m 2000-1 31 693 (P2000-1 31 693A) 



11 

[0041] El 2 9 ~ 3 3 ©fegfi, VA*- K©?£ifli 

A n • d£**)3 0 0 nmHT. 0iJ;itfEI2 8t29®t 
FflcD2 8 0 nra^tcK^-f-?)©36W* UV^iSr^L 
T^5 t Htt&il&tttt, El 4 (A) , (B) fc^f*© 

LtO*ft&f, EI 5 (A) . (B) tStJEOBW 
g^ttffoSISr&ofcVA*- H»ft**»«fc*tLT 

[0 0 4 2] #3B9§©380]#tt, H6©«I* 

SMS* 2 0 te*>M^T, 2©±ffiiTEi©We 

«*\ 2 ©J¥£ dS:3# mtt:S9!)£ Ltl^t 

EI3 4~3 6f±, ■ i Fiv i p*l.S'W^ h^lSrO 0 , 9 0° , 
18 0° t Lfc^&©^!|#ttSr*i-, EI34~36J: 

*-fktt»tA/i5jl?»*b*t^ mtt&BMKti:, El 4 

(A) , (B) fc*-r*©R«*»*tt«fiS:ttofcV 
A*-K»ft**lttK#Urt, 4fcEl5 (A) , 

(B) K*-*-jE©fi«*J*:£tt«a«H!fcofcVA j e— K 

[0 0 4 3] H6«fc&#fiBL-Clft9iUfc£U:© 
ttA$5%$e1E 2 0 Sr«^i"5ffiSS 1 2 ic** 

X^Z*'<7/\'tt<DWJiatt. -©ffotl^i^. EI3 7 
tt, fiSt LT^;V^v ; ^^ttlS$SMX9 4 12 9 
6 (A n = 0. 082, A t =-4. 6) fift 
Mt UXBItlOG 1 2.2 0 DUMofc®^©, El 

sfsSrV 9"0° "-©#&£ fcim^Tffi^'fcO 0 U>5'8 0" 4 
T^t^-frfc^tCOVN-C^i-o fcfc'U fill 2(0 
J¥£dli3. MI12ii)g 
l/^y'— v-a ^An • df±2 8 7nmi&5 0 
[0044] H37±0 t>d»5 <fc 1 fc, fir+iMtt«7 
)VK 1 4 A(DU — v-a VfSR' $oftJi 1 2 CD y 

*-r-->a xfc*JLv*2 8 7nmiSl:|f£t5:ii: 
T*^5o HlflWeBMfitt, El 4 (A) , (B) fcjjc*-A© 

mmmm^tim s^ttotvA*- K«***si«fcjt 

UTi, 4fc@5 (A) , (B) fc^-t*jE©fim^* 

[004 5] *»9!©«9!*tt, £ V A*— K« 

S*^«(-*5^T, 9/i'W©SSflna s «ft*M4»w-5' 

mmmmzmn u*^*K»*«T?f4»*^f±H 3 8 

(A) KfcW&ftfc^l-j: 5(-B&fiBiarS]bTv^fca6, 
*H£fc*fi- 5 * -f 7 A4J-©8b*tt«*H: fiUHft v * 
AK EI3 8 (B) fc*-rafi#T-#*¥BlS]i-5«iMfc 
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5, 'f»I5>^©a*/i s a^5t%^btv5. E13 8 (B) 
©«Hi?»±» ttft^tt, 7/v*ttcJ:t), fiSIJi© 

ifUcMU ^-T 5/^Sr^PL-^t^#^-«C(± N IH3 9 
(A) fc*i"J:$K:, ^K»*tffiK:*sit5jKft^©E 
frli#^7/M*£}Ss3JPLfcE!3 8 (A) ©*§-£■<>; |i>) DT* 

^-}c/«c5c 1"^fc*>, EI3 9 (B) tcip-f-J: 5 fc, ft 

5^E|S]^©)5^-(?f4^C5fc©©. ffMi 2©ff 
3#6l±1>*«©«« (EI3 9 (B) ^©fS^EC) T? 

[0 0 4 6] 04OI1, EI6©^^g«2 0^*JV^ 
^IBl 2<OJ¥$d£r3 Mint U S&fcttfi^T- 
©SM x h^Sr9 0° t Lfc^g-ldo^T, *-f7^lt 
£ifetlPLTd/pJfc£0, 2 5 i Lfc»&©»A4**Sr 

-TEI3 4 tibt5-r-5i:, => > h 7* hJfc# 1 0 W±Ol 

[0 0 4 7] EI4 0, 4 lfi, l?)D<, m&Ml 2 (Off 
$dSr3/im, h£$:9 0° t 

&<nm£km^&W2 o© v f^^;nEffi*-iPi-^©R, 

G, B#fe©i^^tt2r^-f-,. fcf£U,.EI4 li* v : JjA . . 
so 7/^M5r^PLfc^$r, £fcE)4 1 li*^ y/Mtf&gs . 

-r ^ r. t \c x v , *fi**3S«©»«3js<STi-i 

W8^TB3 8 (B) tc^-r<t5»-> — flt&JKA&^Q 
El 3 9 (B) fc^i"J;5{-. ^ B *^a©^ 

»«iiBfc*5v^-c» v\^ti.^m$.cm->. 

f&Zti. r©f|i|SC-Ctt v 3tt!'-Af±«jtB5Sr«i*J:< 

©*£!&f±, El 4 (A) , (B) te*-t-*©R**#l#tt 
«ftSrtto/tVA*-KaEfi**««fc»U-Ct» *fc 
0 5 (A) , (B) ^*-t-3E©»«***tt«iftS:«!o 
fcVA*-KJKa**«*fc»UTt>, ^L<affl$ix 

So 

[0 0 4 8] *38W©«W#fi. El6©fa^ 
^SI2 Oi'tJ^T, ^^©T'W'^/V'h^Sr^k^ 
tt, a^WttoaMbSrP^fc. ^©St*^rEI4 3~4 
so 7{c^-T 0 fcfcL. El 4 Sfi^u^w h^Sr8 9. 9 9 
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* IwKJgUfctfrfi-S:, El 4 4tt7V?vH»A$:8 5° 
K€bfc*d-*Tv 14 5f*7*u^h^5r8 0° t'^^ 
Ufc^a-Sr, SfcB4 6tt:7V?7i'hA«r7 5° KRJt 
Sfefc, 04 711 *lM9fcTN*— 

[0049] 04 3~4 7Sr#R8-r^lC, 
#JtIftK9 0" tCfco-0*3B4 3 14* t>/£ 

'>-f--5 fcotitS^ i>M'> 1214 6 \Z7fk-f-^ uf-jv 
h^^7 5° collect, 04 7K:*-T«1H«J*TN* 

^©^ , l^'A'hAfe7 5° SLt. £f£L.<»48 7° 
_h, <ti?^b<Ji8 9 0 &.±lz.W>fe-tz>~ki>W±ls 
\>\ Zl±<D&m*. 0 4 (A) , (B) fc*"fAoKm 

SfcH5 (A) . (B) fc*t-]E©fl«*Ji#tttt 
[0 0 5 0] 

i^m<omm(omm] imm&i 1 ] 0 4 8 n *&m<o 

m 1 *JS«fc J: 5«ft**Sl«3 0 ©«fiK*rS%-Wa5BI 
T-fo5o B4 8 lc» I TCfcOfcSSBWfi 

3 1a' *J«tt/7K'X^aSrtfoft:Bai6jJK3 1 a £fi 
«ft5^7^S«3 1Ai, BD< ITOlffi3 1b' » 



t5^7^IS3 1Bi!)S, B£3 1 C§r^^— 

f-i b-C, £ftflC3 1 a, 3 1 b J: 5 
fc|6|# fctK ->-/M* (0^-fr-f) fcJ:9S/- 

^/P^iCtJ^T, StJ!EBE[6]K3 1 a*s4.t)*3 1 bfHfi£ 

ftA. W*.tf^^^^^V|t»»ftM J 9 4 1 2 9 6 
(4n = 0. 0 8 0 4, A £ =- 4) SrK^aAftk: «fc 
9^U SSfil3 2^t5„ d»*>5*rtT?tt, 

— !H$3 1 C©S»;:J:9fc5t£*u3. 

[005 1 ] $P>tCl, Z<DX 5KLXJ&fiL£tlitm&/< 
*;i><D±T*:iri?i%Ki<[&mMtity -4 flsJ* 3 3 A, 3 3 
BdSffiKSax* *fc{4*S^««7^/VA3 3 AWTflfltd 
tt. #77^f34A*\ tfeftlSiif7-f;VA3 3 
BCD±fi!llC(4T-7-7'f f-*3 4 B ^ %\zM 1 ;fc.5VM40 

»J«**1/5. i"4fet>» 04 8 0ttA^SItt. 06 
<Dfl|^fc*5^-C, ttiS/^/H 1 i:7t7-ff 1 3Bi: 

[0 0 5 2] 
[Si] 





-fe'lrftd 
(tf m) 


MESK2 5*C 


Ton Toff 
(to) (ins) 


0" 90" 180° -90 s a v. 


0M480 
ON482 
OH484 


3. 75 
3. 00 
2. 60 


13. 56 9.04 
B.79 5.71 
7.81 4.45 


41 54 48 54 49.25 

42 58 52 58 52.50 
42 60 52 60 53.50 



Slf4, V 4 * Yjh* 4 5° fc«M£bfctt***S«3 
OfcfcHT, %i&m3 2 ©ffSd 

©, 2 5° C^*5«t-5l¥ffii^*^*i-o fcfcTU Sit- 
f4, ElSlJe3 la. 3 1 b t U-CBS-fb^OSEElRj 
ftRN7 8 35rffiV\ {S?tt53 4A, 34BiLT0I 
tIfi©G 1 2 2 ODU«3bK*>5V^ittS:4b*K©S 
K- 1 8 3 2 AP 7<H5t«SrtEofc4&^-©^Sr^"t- 0 
f=fc % * 1 ©«fi*^Sllt-ca:, 04 8{C^Lfcfe*BM 
if7-f/VA3 3A, 3 3Btt«»L-C*>SiJS, «**E 

*ft 5„ 09itf» SWEG 1 2 2 ODUfflfttRfcittlHtf-* 
%m7 4 /KM4?C#£##J4 4 nmOA©^-7— > 
a^Sr^U * fcgSE SK-1832AP7 fi*«C# 

x-v-g >- Sr^-To 4 fe » ft AA 3 2 K 14 * 5 /Mtfte 

[0 0 5 3] SI fc^HH-rSK:, m&M3 2©J¥£d# 



5«c:#oT. 3v|-7/ SJtl Oti±$r^^sm^®H 

fi80~|!l400n m©^HfC*rt* 5 J: 0 l3R&-t-£& 

[0 0 5 4] fu 15^) 4 4fe 4 1/^(4 5 OnraO^ffl!) 

tf-Ft/Vn-^ (TAC) «t9 5fct). TAC7-f;V 
At»f5„ d^STAC^/V-MS^fcy 97 s — 
s ^^/jv^^fc*. — a£#j&TNfc3WiSTN8$i8i« 

AC7-Y/l-A»4 N ffirt{z5~ 1 5 nmCOIEcDy ^-r — -> 
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aVRfc^TU 4fcf^*l*lt 3 8~5 0 nm©^©!J 

R' 7-f ;wA©Kf5r»^t5r £K:«fc 

[0 0 5 5] L^U 4-0. #J69J©3KWttt. VA^- 
— K©fflE**^fit?l±, ^.©J; 54TAC7-f;WA<D 

5rt*5T*5ri«:jimb/t. fcfcU 

[0 0 5 6] t£j|?cDTNfo5^(4S TNt- K$Ei&*;^ 
38«-T?tt\ TAC7-fA'Att*Ojlffitt!SS» m&-fZ>M 

ifl[ffi^1iflit7>f /VAOE©y >3 v*»t>» TAC 

7 j/UJ>.(DjE<D!) Zt*— v-3 ^SrSlv^diti&S. t£o 
T» iOJ:5*TAC7-f A'Atr***««fli«i4fli*« 

jxfc2tfc©TAC7-f/VA<Dy ^x-v-3 V<D^fct7, 

•*-5»frH-Hc, ffi*iS6*t«7W /k*<B^3b«)fc y 
v-3>-ii, T AC 7 ■< 2 tfe^'rofcittgia-r 5„ Z.<D 
fcfe, te'teM«fS7^/VA#iiDy >7^-V3 >'Sr, JBtt 
»4»aHtK*t lTTAC7-f/VA2 ft^©]E y * ■J'— 
v-3 ><D^f£»t^J6/h$< UC13 5. 
[0 0 5 7] 04 9 (A) , (B) ft, HI 4 8 
«A*ij*iSllfc:*s^-C, tA'IdlrSj.m, V<<*Y1k 
£4 5° t Ufc»fr©SA«H4SrS<i-. fcfcU 1214 9 

IEMJ 9 4 1 2 9 6£, <g7t«lC»4G 1 2 2 0DU£{£ 
ot^5. fcrtTU 1214 9 (A) , (B) Of 
7tS3 4A, 3 4B#fiffiii«7-f/UA3 3B, 3 4 

[0058]I2149 (A) ^yfy^ hJt^ l 0« 

1214 9 (B) J:9*j*>5J:5fc» *»d»5ttft**&1I-C 
(4> jEffi^lSHCfcl^T 2 0 0 03fiV^>- hifc;W# 
b*X£o 1215 0 (A) , (B) (4. B4 8 0ttA*^S 

ACO) SM£ffiStt'fR:7-f 3 A, 3 3 B t Ltffi 



(9) 

4 1 nm&Vfr — v-g^itAn • d Sr^rTSfctf), M 
7fr&3 4A. 3 4B*Jj;tmtBM : )i{S7^/l-A3 3 A, 

3 3B©^tl-y^f->3ylR' <D*#££\ SGfE 2 

4 1 nm(Ci5V^2 1 8 n mdtS^ LTV^o 

[0 0 5 9] 1215 0 (A) i 9 t>fr& X 0 Z<DWr& 
= yh7^ hJt^l 0*a*.««»A«*r±, 1214 9 

(A) ©#frJ:0t>*&»Cl£*U *fc/^/HES*(6j 
CD3>- KJtfc, 1215 0 (B) lC^i"J;,5tC4 0 0 

OtzmtS Z.b&t>t*& a 9tK. 1214 3~4 7fcg|igL 
io Xs 7*l/fyvhAi s 7 5° UTtetCSt, VAt-KS 

S«gtffc#'fci-5:ifc&ttWUS:as, 1214 8 <D J; 5 

fc» 3 2 (D±.-r\ztgmm.^y ^^3 4a, 3 

4Bttt5il*-efi. 7*^M*7 5' Kiol^T 

Bis Hw^i-J;5^, 3>-h7^hitio (cr= 
10) ^i5H«liJ£<*t) 1 M*^ttUi 
STtsa**m^#bJx5. fcfc'U B15 ir±» ft£ 
l32CfS^3/ l m l 7^?h^454 5° , 7°U<?-/l> 

7 5° cD^a-icov^roto-efc-So 

[00 6 0] *3lifc«-Cf±, HI 4 8 QiMftSM 
**SI«K*S^-C, ffiA£ Ltv SfcOM J 9 4 1 2 9 6 
©ftb9t£H£;*'W'#3i©MX9 5 7 8 5 (4n = 
0. 08 13, A £=-4. 6) Sr^5o ^©f&COltJifc 
(4I2I4 8©|SStl^CT*fc5fcfe, ^Sro«fiS;{wOVNT 
©lttWtt«l&-*-a. 85.214. ttfi* 3 2 ©-fc/uj* d «r 

±i?9-WfeSr. V'i-^ MIS- o" , 4 5° Js.fctf.g 0° 
30 £ bfc*a-(CO^T^i- 0 r cD0iJ-ef4, - 3 2 

PP*PmflEd5 4 ~ 8 VWSSB^CI Omsltiitfc 

ftli, SC*>±*S 5 B*MTontt— «K: 2 0ms W-hT?fe 

So 

[0 0 6 1] 121 5 3 tt, ir/H? dSr!^C<3Mni£Lfc 
40 y-i^Vfk'kO' , 4 5° tJi^SO" 

l4^PbTv^/ t e^^ 0 5 3 <t «3*pA^ J; &*>Ta s 

!?^WT 0 FF V»-f*V«)y-<^ h*lw*JU^Tt>» 5m 

r. b tffrfrZ, ZtiKttl,, TN*-Ko 
ttft56*SHt-Ct±. St*>T#0B$MToFF «-«C4 0 
msJ^i-Cfe^o 

[0 0 6 2] 

[«2] 
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VAC+TAC 
FTOwO 


5JW£)Sffi2 5X2 


0 r 90" 180" -90" av. 


1 1 mmmnas. c ) . 

0* 45° 90° 135* 180" av. 


as 

185 
282 


43 60 52 61 54 
42 70 57 66 59 
38 58 52 58 52 


40 40 50 60 38 46 
30 40 70 66 38 49 
26 44 70 70 38 50 



/£S»l5ffi A n d = 2 4 6 n m 



3 4 A. 3 4 B*5<t0 5 tt*all«'8t7^/Vi>.3 3 A, 3 3 

flMttH** ill 5 1 1 PWIK*HI*©»l2**i-.- 1 1 P£ 
ISKteASttt, ^^^©JEffi^lSlIc l lFtHKiJ: 

*5. r©fc* x pg^Ste^lttt. Jft^8&$LV\ fc* 



* fc* L> 3 2 © y 9*f—*S 3 V A n • 

» d(4IET% 2 4 6 nmrol$rtt5, *2H > fiffili 
f7^;WA3 3A, 3 3 B*S.fclflB}fc1g3 4 A, 3 4B 
«t?i^f->3VR' ©g-tHtt&ffiAJI 3 2 © 

0° , -9 0° , 18 0° ©*ffiftfc*SV^T, flMFfttf 

[0 0 6 3 J 
[*3] 





3H£ilS2 5X) 


0" 90" 180" -90° av. 


1 IBfflSfeftS (° ) 
0* 45° 90° 135° 1B0° av. 


0 

45 
SO 


44 60 49 60 S3 
43 60 52 61 54 
41 59 50 60 53 


40 40 52 60 38 49 
40 40 50 60 38 46 
40 40 54 64 32 46 



3) VACfcfU G»220DU(RJfct£ (FT =88nm) 



3 © »* « , y ■ h a j: a <fe.#tt ox a* 

«7 4 /PA 3 3 A, 3 3 BKHRftiV iBttfe 3 4 A, 3 
4BWttSi«f^ffl (R' =8 8nm) <D*fr&&.1r 
■5^Kov>T©t>©T*fc3«, 

[HJ60IJ3] 1215 4(4. *aH©&3 0tjfcOT£J:3iKA 
£*$SS 4 O ©flWJSr^i-. U El 5 4 

[0 0 6 4] H5 4Sr#R8-f-5fc, &a?&i%g1K4 0 tt 
121 4 6 fctMB LfcSSS^SS 3 0 t ®fK Lfcflf Efcfc^T 
1214 8©^!l^f->3 V£r*rt-£©{fitfBS!*i 
«7-f;UA3 3 B©ft:b<9lc. E©y ^x — v-a ^Sr^ 
i-Sfcl ©&1B^««7^/WA (3 3B) i i:A©y^ 
X-V a 2 ©fetiaWm^ /VA (33 

B) 2 iSr. HtlEjE©ffitBS««7^'/UA (3 3B) i 
Sr^fi^/V3 1©j5^1w, *fcA©fiffiHtfi«7-f/i' 
a (3 3B) 2 £*©*MMKga8H-5£-eHfco-CV> 

5. (iffill»«7^/WA (3 3B) 2 fitt*'**^ 1 
©±BKSiE&#*ft&*r1-2>©fc*|-U ft+BStt'fS^^ 
/WA (3 3B) i tt^S/^/W3 1 ©Affile: 3PfT*3ttt 



[0065] 121 5 5 »4, 12154 ©fiftH^^g 4 0 1-tJ 
VC. $NIB3 2©/f:$d£r3. 5Mm, ^-C^h^Sr 
4 5°: fcbfc^-©,. «*ftMli:^M«4ltA... 

mmsm) ©sii^^-f, fcfeu bis sKts^-c 

f±, iE©&*ailffl«7^ /VA (3 3 B) i © y 9"f—*s 
aVSrlOOnmiU -t ©3fcW:ft 9 
TVS. 1215 4lC^Lfc<fc 'K^F 

*'i>ftlU:#LTte4E^««7^A (3 3B) ! ©fttt! 

a**i-A*fc bTjfe«**ua. ^©gg. *©#:*iilffi« 

7 -i /VA ( 3 3 B ) 2 © y 9"r—*S a VfllttHtlESfciB^ 
-*/U3 l©y 97— i/g VAn • d^BS^K Wfe\-X 
£fc0^Lfcjgi§*f49 0° ^^laHdoVT 
©t,©T*fc5 0 
[0 0 6 6] 1215 5 Sr#fi?.-f5»C, tvf fMDUft \Z}o\,^ 

xi>. )t^6i%4 5' ©«-a-ic, m**««i©3iji 

*1*tt©lft±SrS*5li _ 5-i:* s T'*5. B5 5T(4, m 
ft&0° 0° ©*frfc» jfil35" ©3t*MiK: 

itmft&4 o° u±\z*s\,^Tmmm&x$ < ^^fc*. 

[0 0 6 7] E] 5 6 f4 s 121 5 4 ©iKM^if 4 0 {c*5 
VT, JE©tt*iiS*t«7-f/UA (3 3B) i ©y*x- 
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Ii9 0° tttfcS. 1215 6 5r#flS-f-5^, IEcd^M 
If7-f/WA (3 3B) ! O!);S'f-V3yI^2 0~ 
6 0 n m©ttHfc»«-f 5 ***««^*J 
tt 5 hb<4>Z>mn teon-C*/Mfc-t-3 £ i # 

3§ii*f40. OO2£T05o 
[0068] 0 5 7 f4, 054 ©ifofsS^iSe 4 0 ®fl 
£#t4£^-To fc^b, 0 5 7 ©^ttT-tt, ]E©ffiffi2S 
if7-f/VA (3 3B) ! ©!)^f—>ayR5r2 5n 
m, &<OWamffifc7 4 frJ* (3 3B) 2 O^T-^ 
3>-R' £2 4 0 nmt LTl^5„ tt&^f-©^ 
4Xhft&45° , S£igiS3 2©ff£3:3 jimi LT^ 
5c 0 5 7 J: 0 t>*»5 J: 5 3E*J J:tfA©ffiffl^*lflt 

[006 9] :Jil:ML, RICjE*JJ:tf*©ttffiiaitflr 
r^/vAfc, JOtoeSrafrteLTERbfc*^ IKA^Se 

L^5» r(Drt*»e>, iSNI*^g4 0 K:*5^-CjE*s 

ttnisflwsw-e, &<D&.ftmMm7j*^ (3 3B) 

2 fcjE©jWaWlHll7-f (3 3B) i ©JHHfcEBt 
[0 0 7 0] ££>ld, 05 9f4, i5 4©?SaSggt 
attttfcjjH-. 15 9 it) t>t->%> X 5 Id, «A«H4f4» 

r otu5. 

EHJSM4] Ba-.6-0»4».-T*.f>lEBI5,4.««S*a«Stll4 
(3 3 A) 2 SrEKLfc«J*<0*A*35MS1t5 

0 ^*-t-„ 

[00 7 1] 06 1(4, tuiS^^S^S 4 0lC*5V> 

7^W* (3 3B) 2 <0^<DV **f—\ ^ffiiSrMIE 
3 1 © y v- a >-fiSfc»&«f L < iSJg Lfc 

mmy^/^J^ (3 3B) x o!)^f-> 3 yfioiiici 

[0 0 7 2] 0 6 1 4!)*^ 5 4 *^-5«?^^4 

(3 3 B) i 0!)^7->3 V#S5 0~6 0 nmCD^Il 

7>f^A (33B) i *S*r»"e*>5fcJ{>|Cf± % tetBSW 
S7-f;UA (3 3 B) i <DJJ ^f f — >g VitSrlfo 1 0 0 

[0073] 0 6 2 14, 060 ©flSfl^^a 5 0 K*5 
^T, llWBiiffiS6*lflr7-f/l'A (3 3B) i O^f- 
-> 3 y«^3 0nml:lgU ft®ttffil*«7^VA 



(11) 

20 

(33B) 2 , (33A) 2 O^T-v'3ylR' 4 

£U 3fe©*a-i^«fc, i§il*f49 0° j5tiLj$ji\P\~- 

[0074] 0 6 2 4 9 *>i»5 4 5 Id, ilii^S/hi 
45011, 'KfflSffl«7-f/VA (3 3B) 2 &ftm-tZ> 
lOD^f-v'ayR' ©M2 5 0nm©i^ffc 
Cl©S5I{if»4, «ii3 2©!)^f-v-3yAn 
• d©{£4 9 t>£4>/h£t\, 5fetdt^Lfc4 5 Id, IE 
io ©fifflSif7«f/i^A (3 3B) i &K»*fc^»ft-fc 
(4. ffiftSSMflt^-fA'A (3 3B) i ©dHly^^-^ 
3 V{j£»4, SS&J13 2©y*-r f — >s VfitAn • dt^ 
LV\, WIBA©ffi«iJE*tflr7-f/i/A (3 3 

B) 2 . (3 3 A) 2 te^TjE^teffiUMflr^^UA 
(3 3B) i *©4fc4ii£*Mt:7 4/U.6» (3 

3B) 2 ©*3I»4, JSSS3 2©y ^f->3 iHltA 
n • d49 *>#'>/h£<R5£-f-£&gasfe5. vvfftK: 
*4, &C>tiLftmMM7 J si'JxO'&ft V fy—isa >tt 
R' 14, ttffiiif7^/WA (3 2B) 2 CD^£«5}§ 
20 -g-T?t>, fe»dSiJ©^<Dteffi^ffi«:M^£<£5 
jfoftJ3 3 2©y ?f->3^ttin • dcD2 

[0075] 0 6 3 f4, 060 ©ifc,S*^gB 5 0 CD& 

*o#jst5»ftiwtt*tH i 9 a 

t N jy^7^ Mfc^l 0£*±©«je©B8WSlfc*:L-C 

[HJS0II5] 06 414, *3PJ©Jf§5|lJS0nd4 3S£ f g> 
m^mm 5.0/ ©#j**asi7 * . fcfc* U . 06.4 ^jfefdlft 

5. • : " • - - ■■ 

[0 0 7 6] 0 6 4£#8S1-3ld, IKA^tSO' 

(4, «wa«ft/-«*/v3 1 bm&$.<r>$mm&Qt7 << frj* 

(3 3 A) 2 t^ratd, iEOffiffiSS»flt7 4 >VJ* (3 3 
A) i fcBKU-C*!?, 06 Sicl^-t-ffitl-fciS&AWtt 

[HiS0ij6] 06 6f4, *58l^©^6HJ£^}c:«t5«S 
6 0 ©«j«Sr*-t- 0 L, 0 6 6 ^^fetclft^ 

40 5« 

[0 0 7 7] 06 6Sr#fiS-f5td, *j|^J^*5^T 
(4, 5fetc^BJ bfc»fi*^St« 5 0, 5 0' tCjo^T, 
jE©<fe*aSI««7-fA'A (3 3B) i k&<Dim&ffi® 
7^;VA (33B) 2 h&tBtti&ftttVte* *-©2$4 
+4fitBM«m7^/UA3 3 B* 3 liflKfe 

S34Bt ©r B 1idff A-T 5, -fW3 3 

B" J±5t*W2*MtSrWU x, y, z©«-*(6]--©S 
tFf^nx , n y , n z (dot^T, nx >n y >n 2 foS 
1^(4 n y >n X >n z *5fifeS:i-5 0 *^^2ttttftSi 
so *t«7.<A--M4^*PT-fc9, «*.tf4*MIB5 9-1 8 9 
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3 2 5 tfB^^tuT^StWSr^oTfciVo 
[0 0 7 8] J9»a»5 2 tttt!4*SliM«7 ^;VA33B' 

I n X ~n y | • dfcJ:!)-**.^ £fc*fo&/<*/V3 
2tcSEft;*f|6] (J9$*|6J) tC^R' = { (n X + 

n y ) /2-n z } • d -e-^-xfen-So #IU60!n?fi, 

ffift©y 1 2 0 nmJWT, J¥£;frft© 

y ^x — v-a y5riSi3 2(D!)^f— >g >A n • d 

fcfc U El 6 6 ©M"e(4, &*BM*ilt7 ^;W3 3B' 
(4, -t©Brt3PBtt^<H3t«3 4 BW^lfcflillCB&WrK 
ifc^J:5^KlS^tv5<, El*Ji§*B$lll»4, n X >n y >n 
z ©§B#* s riSi:i-5f§-frfcf±x*MJ:, Sifcny >n X > 

[0079] 0 6 7 (4, 0 6 6 ©jSi&St^B 6 0 \£& 
^t> |fjlE2itttt*i:ffiMtt«7^/WA3 3B' ©irti 

feft^7 -< ;VA 3 3 B ' (4, BMfESrtil+Bttnx ©*(£ 
£e#jfc45° Sfcttl 3 5° . i-ftt>t>«»-r5<H3fe 

tg3 4B<o@li|xttlcE^i-5 J: 5tc*fcttipmw5S^i- 
5 i 5 d i M J: 9 . Kfc*5tt5ai 

^45" fcBMrt-S^ifcJ:!), 8 0° ~0° 

[0080] 0 6 8 (4, 066 ©JiSiSeSc^SB 6 0 lC*5 
^X, WIE2*W4ife*BJt*lflt7-f/VJi,3 3 B' ©J*$£ 
aC-f fc; ©» - J»* >jsre * £ * 
i" 0 HI 6 8 £ 9 t>d"5i 5 J¥£/^l 3 0 (.m©i 

A33B' (4, Cl©ff£ (C*J^Tf4, ffirt-C*3 9nm s 
i?$^(^»-2 4 0 nmOU i?x— >g :/R£>3W4R' 
££C5 0 ±E©tt*Sr-»fl:-t-« i , 06 6©f&,fi.S 
^gl6 0U:*S<^t\ Erty ^x— ->g ^R-S: 1 2 0 n 
m&T, £f3;L<(42 0 — 6 0 nm©f£H, JS:£;£fr© 
y^x-Vg^R' SrfK(Sji3 2©y fy*— v-g >-A n 

[0081] 06 9 11 066 ©jfcS^^fi 6 0 ©& 
^^ttSr^-fo fcf£L0 6 9(C*il,">T, n x =l. 50 
2, n y = 1 . 5017, n z =l. 5, d = 120n 
miLt^S. d(«fi!3 2©fJ-!?$.5„ 06 9 4 
9 J: 5 fc\ »cA^SeC'6 0 f4«*b^t»A 

^5TAC7^ /PA#£^5 :ti5ft5 0 
[3?i£0iJ7] 0 7 014, *^©31 7 JllfeWc 
f^g7 0«^f o fcfc'U B 7 0 tifcfct&IU 
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Lfc»#fc»±|i5l-©#RWff-*«r{'J-U t&^fcWrS. 
[0 0 8 2] 070 Sr#RHi"5fc. *HJ£Mt?»4s *WB 
ffi*BSi*tflt7-f/VA3 3 B* cotetc, m&'<*/l'3 1 £ 
7 7 If 3 4 A i ©US K <b 3t^« 2 WttfiffiafflM 7 
^A-A3 3A' SrEKU tORfiftlttf 7>T^A3 
3B' *J«tUS3 3A' £r, 7^;Ui,33B' ©jffBtt 

5ic, $fc7^vi3 3A' commmK mg-tzx? 

[0 0 8 3] 0 7 1 (4, jBNIS^B "7 0 ©&£*H4£ 
»f. 0 7 1 <fc 9 ;bJ9»5 «fc 5 ftA$**&B 7 0 (4« 

[MMM8i 07 2(4, *&w<om8 2mmiz.£z,mM l 

*t**mt 8 o ©*jfc«r*i\ fc**U 0 7 2 fftdlftPJ 

07 2 5r#^i-5fC, ttA$g%KB8 0tt. i54©» 
S*^B8 0{C*JI>T. -teffi^M-K^-f /PA (3 3 
B) 2 Sr^B&LfcfcWlwfcoTl^So 
[0 0 8 4] 07 3(4, ifo&S^3$B8 OtDH^^e— 
Kfc*s»t5SiS*Sr, lEC0fir^^ttfS7^/PA (3 3 
B) i Sriate$*^*sb, i-^^*>7-f/VA (3 3B) 

07 3 xvttfrzxo^^ m&^— v\cisrtz>m 

4 5° fe^VM4^)13 5 0 ©4fcBBB«K*>5*frfc*/h 
IC/iSo ^©5*>. #(C4 5° ©^4^^C*JV^T^4 0 o 

~8o° <om&<o±x<DMik\ctt\sxmm&&Mc'}«tt£ 

[ 0 0. 8 5 ] .07 4 »4. rfKa^Sfi 8 0 ©.H*^- 
Kfc*W*aKl*Sr. HufSE©ffiffiMffi«7 ^/VA ( 3 
3B) x ©ff$©B3^:£ Ltif. :-H7 4*#«lt-« 

lei, 8£i&*/N£fi8 0©m«*^e- Kfc*j»t5aSig* 

(4, SulEtt*B^*B7^/V-A (3 3B) i >6S 1 4 0 ~ 1 

5 0Mm©J¥$©i:#{-*/h(c:^5ri:ds^>d^o ffi4B 
S««7^/WA (3 3B) ! ©Ert y ^x-v-3 ^R 
(4, 1 4 0~ 1 5 0 nm(DW&, 14 0~160 
M m©|5iai-A5o -f-taioh, Mt*^I8 0Jd*J^ 
•CjEOitffiSaitfl|7^/PA (3 3B) i ©^£te5#£- 
(C(4, 7-f/VA (3 3B) i (OmtH y ^X— ->a ^(43 
0 0 nmttrt-Cfc-S©^^^ LA\ 

[0086] 075(4, 073, 7 4 (C^-cTftii'fk^ 
*tfc«tft**SsB8 0©«A«f'l±*rS«i-. 075«t9^ 
frZZoiZ, tt^8I80(08A#ttlt 05 9(C 

[Hlfe^j9] 07 6(4, **BJ©^9^JS^(wJ:5^fi 

[0 0 8 7] 07 6 $r#RS-t-S(-, JSfi^3SB9 0 
(4, hu!E*|£iShS^£B 8 0(C, 06 4©^a B B^^fi5 
0' K^LfcjEWflfcfBgttB^/VA (3 3 A) i 5rii 
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3B) i (4, ffirtilSttn x im&IFZT-)-?-**? 3 4 
B©®ifctti KEPI'S 4 *fcffiffi«*l«7-f^ 

(3 3 a) i f±, ffirt®*a#n x ^p^-rs^y^if 

[008 8] 0 7 7 (4, *£S**^e 9 0 

CHJfifi»Jl 0] El 7 8(4, *%W(035l oXJfeM&JCS 

m&m^m 100 ont^sr^-f . 

10 0 8 9] 0 7 8 £r#fl&1-5lw, li^gfl 0 0 

tt*B*tttrft7<i*A'A (3 3B) x ffiftSfgiWn 
x #B«-*-5T"*-9-f 1P3 4B©BMJl*l£4 5 D 
Sr/«ci-±5»c, *fcfiffiSS««7-f^ (3 3 A) 
1 Sr, Srtil^ttnx #7 74 3 4 A©» 

iSMkb 4 5° ©ftKSr*SJ:5k:EK Lfc^gfco-C 

[00 90] 07913:, ftAS^St 1 0 0 ©S*M$tt 
ffitBS«-K7^/WiN (3 3A) i , (33B) i© 
y ^t=->3 VflttR Sr-t^tt 7 5 nmt Lfc^&tCO 
^T^-f. 0 7 9 i 4 5fc, ifl^lllO 

0 ©»*i«M4tt» 0 5 9 fc*-ratag*l«7 /VAfcfS: 
fca»o fctiteofllA ftfeltimir Z> k ##f4 $ Jit ^ 

So 

mmmi 1] 08ot4. *%w<o%n lmmm^xz 
7&?.4.&T-h u ?,xm®tt<om&m&&&i 10© 

[o o 9 i ] *3im^iirjav^T»4\ 0 8 owflJjSKSJi^ 

T, ^7^-S«3 1 A£fcf4 3 1 B±{C, WL&'<*>v4p 
a ' ) PIXEL i * - ft£:iEtH-5 TFT (31a* ) 

tft k&m&zfi*. -rf£t>h. msa&gmmnm o 

la') PIXEL tTFT (3 1 a ' ) TFT t 04 8 
<D9M3 1 a' fc5V^3 1 b' ICttfo-fZo BU 
GXfi3 1 ASfcl43 1 B±fC»4, M **E?IIS;h, 
fcTFT fCJigi&m#Srtt^-t- Sf-#^DATAir 
^SrStt-ft-T-ST KU'*^*ADDRi:#3g&-r5o 

[0 0 9 2] 0 8 1 (4, Jg^S^iS* 1 1 0 ©H^tt 
Sr. ffifii: LT^/^v'ir^yttMJ 9 5 7 8 5 
i/\ JSSS©J¥$Sr3/xmi: Lfc#-£»c-o^-OjW-. r. 

jftfi^wyi'^ h*f±4 5° , ffiAJl3 2g> 
])fr — VaVAn • df4 241nmt LtfcO, 
S[6)i3 1a, 31b (04 8#BS) bLXB&lt^te. 
RN7 8 3*«!ct^5.'H6 1 J: V t>t>*5 4 0 0 

mmmi2i &.±\zi&wL.it&mMm\z$>^xrti. 0 
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82 (a) ~ (c) ic^H-J; 5 tc, ©W*-ei£,&© 

fc&oTV^c fcfc'U 08 2 (A) l4tt£**%g|K® 
— ®*^W|M«EcDJFffi0. 08 2 (B) (4, 08 2 

(A) *©i^A-B}Cf a v ofc»fS0, 08 2 (C) (40 
8 2 (B) CDfK^*^B(C-OCr»M^ofc^[6]^6)A 

fc, 08 2 (A) (C*5^-C. USSro^fPfi. ±il«3 
>o 1 B(Cfi^$tufc^ffi(fiI)B3 1 b©7f ^^|SlSr, 
£fc,&||cD&EPf4, Tffi!lS«3 1 Afcfif*3*tfc$HHE 
[6jBl3 1 a©7fy^?r/Tto ^E|6jlK3 lb© 
7 t*>-^|fi]ir»-^-ga(SlM3 1 a<357t*>-^*-l6]i(4a 
1 ©«ft-eSESti-536S. 5* -f* h££4 5° 

fcK€i-«*&fc»4, H?riaA*ai (44 5° ©aglets: 

[00 9 3] 08 2 (C) £<9frfrZ>£?\z s ~©45 
(Cl*tL, 08 3 (A) ~ (C) 

(;J:5»M/Till 2 0©«fi£Sr^-r o fcfc'L, 5fe(c: 
5. 

[0 0 9 4] 08 3 (A) ~ (C) ©«J5fcT?f4» 08 3 

(B) fcr-Tfc-t-J; 5 fc, **©B*»Ji*sv^T, ^He$cK 
^El^fflt3 la', 31b' ^, tin^ffl^^m 
3 1a, 3.1 bC-g|iS:I:54,.5-l;«.5 0 

30 ^»efefC^E|6lJg(4, «jLli^fi|^|J«3 1 a, 3 1 
b©7 irv^Ofltv-Wft^EfiilfcJewilCiMlb, 

[0 0 9 5] -t©», 08 3 (B) ©»ffiH^-r«t5 
1^, 08 3 (A) ©spffiia©iRffiT«B©eH«fcWIEafcK 
*HF«flfflt3 1 a ' Sr«j*U, * fcttiB±«0««fcilft 
IE^S^T-E(S]JK3 l b' SrJ^riJi-sr. ilcit?, 08 
3 (C) »^-TJ:5t-Al*5tX*Jj;OfYSrM*ofc*[6] 

[0 0 9 6] 08 4 (A) ~ (C) (4*H1£M©— ^ 
^JSr*-r„ 08 4 (A) *mm.irZ>\z^ *HJ£^Jc:tei> 
T(4, ttffi±ffl©ffl#i:»B6Tfla©««U:*si^T? f'v 
^*l*lSr^k**-C*)?), -t©^*0 8 4 (B) <omm 
0^^-f-J; ^f-ElfiliJS^BraifKiii^-C^Wffl* 
i&WSItt (08 4 (A) o±«a«tT*wi*c» 
so jeS) T'^^-So ^©ife*, 08 4 (C) fc^i-«t5(-. 
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(C) <D&&tmmz.1fHStK.tt:Q* m&$t*M<0$L'% 

[00971 1285*4, 084 <Dffif&<Dm$k0:fn&9.\Z- 
*SV>T, 3*a X , a 2 Sr^i"*H>4 5° . MI3 2 

L, 8ES*7f3£«l40 8 5tC*J^T, ffiM3 2iLT 
mti/^^^^^^ittOM J 9 5 7 8 5£&V\ *-<7 

/M*i4g5jqLTi^*v\, -f*;b*>, «&ftg3 2f4, rco 
^X— v-3 yin • dtU2 8 7 n mWffifc^ 
U h:fc»44 5" fcRJfcSitS. 126 4K 

^fr^/WA (3 3 A) i , (3 3A) ! <D-&frV fy*— 
is a VfflR*5 2 5 nnu Awffifiilf^-f^A (3 3 
B) 2 . ©-S-ff-f ?f->3 VftR' 45l6 0nmC)i 

[0 0 9 8] 08 5 Sr#figi-5J-, ifo&^^Bfc-w 
J:5fc*)JSt5;ttJ:9. = v hitsjs 1 0 SrT 

WllbHSriiSfoW. 08 614, ID 

mtwitutf. ^£S*ggf4&gB#<£>*Sfl:tc4 

[009 9] 0 8 7 (4. WIEm 1-112 ©fc-SBttfl-C 
igl3 0©flME«rij*-r. 0 8 7«r#H8i-SK:, E^M 

»fi*^K«.-i-.-a.-o-f± v ..--il(riatt***»fli -l-o^.i 2 0 

. (D^-fHt?fco-Ct4V>VA^— KM^8tl 0 1 

i ; KStt * ttfciBJte* 1 0-3 1 x r> m&. $ ti 

KS*^S1 0 1 fctt, ^<DiB^|S« 1 0 2ii 
HfiftSir,, WifSm^Ml 0 3HM^5/V^7^ 
hS:3t*W^JCTIt-5. ffi3t«10 3H[, 

^ixfcft miiS^fi*^gl 0 1 <D-£M 

3r> 2*7cWlcJSM-t-*3fea:*»l 0 4 t J; 5*5. 
[0 10 0] *K:«-ie*«-ClttWUfc*»MfcJ:5VA 

«>, 0 8 7 Lfc4 5 *«fiK0KttSffiA%^11(w 
4*k:»L-C^5. £A±o#3Ht«l-*JV^T, Sil3 2 

ttStefcfcBWJ L*:4 5 K. A»*»5A©R**S*ttSr* 
*5. Sfc, Bt«***tt©lEAi#:fi. 04, 5{C^r 
U 5 tetaSIM«7^^Aro*ig'fkf4, jE©««*H*14S: 



(14) 
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[0 1 0 1 ] *^BJ-CI40 5 4, 6 0fc5W46 

4cr>*JS^!HC*5t^T, 120nm£(T©P?7-v'3y 
Sr*Tt-SaiBJf7-fA'ASrflrffiJSE«flt7^/UA (3 3 
A) i$>3^»4 (3 3B) ! at«5#> ^5t5rcoJ: 

f4, //v^/v^^jtSr^^J-^i-SttfJIg^, ISiX/ 

^>-»JIB*rtto-CiWE*ii*<t*S*tfl|7-f/uA (3 3 
10 A) 1 , (3 3B) 1 *ft%-t% Z. t \C&2h Lfco 

[0 10 2] ;*3MU«r$f* Uv^iatWlco^Ttt 

[0 10 3] 

14, ^i*JJ:^2<7)S«wrat»±$nfc^Se5r-g 

m2<om%fct<offl(o%s2<Dmm<o'j?ti:< 1 

x, y, z ©=S-^[n]^©SST^n x , n y , n z JdoV 
"C\ n x >n y >n z fc-St^teny >n x >n z t* 

4 5 (-6213:1-5 r tic 4 9, j£^Si!fA£!SgW-5ci 
30 [Hioffi^Rni 

[0 1 ] *&mz£zm&$i*mw.<»m*tom&.&mw 

1-50T?fc5. 

[02] Hio«***»t©3yh7^ Mtt, ?KA 
SrgiW-t-50-efc5o 

[|§|3] H 1 O»ft«*8«<0tt«)»tt*Srt-H-ra!> 
5o 

[0 4] A©«****ttSr*i-*«ftSr«6o*:*38W 

40 [125] EoR«***ttSr^Ti-5«E*Sr{to*:*3BW 
©VA*- KS5fli*^ISSco»^4rtjiWi-50-Cfe5. 
[12 6] 0l©ttift»^K«fc:fevvt\ SfeKttftSMi 

««^sSi7fc«^5r*i-0-efe5o 
[12 7] Bi6 0»i6**(6«tei3V^r, KA^/uoil 

^-f-0T*fc5 o 
[(2 8] I2 6 0^^^B(C*5V^T, flSS^^/KOy 

so 3 vffiojibwffl^ 0 . 6i Lfc^§-tf>SI*l4#teSr^ 
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^-x'-v-s ^{IKtt^StelliJtlitiiMgcD-g-ffy ^-f* 
-v- a ^{S^JtwmSr 0 . 75t L-fc^-cD^^-ttSr 

[iio] 0 6 ©ifoHS^aK&t^T, aSdl^/v© 
y ^-T-v 3 vffiK#1-5&*sgliflit«cD-£?|-y 

7 s - v- 3 >-ffi©it©fflSr 0. 82i Ltcm^<D^^ 
[Ell] 0 6<D^^^St-*3V^T, S^iS'^/V© io 

y 9-7-\ ^3 viElcjti-5<£ffiH«««©^tHJ 

t"— > 3 ^moitiDm* o . 9ot ufc^-a-©^#tt 
[gii2] is! 6 <Dm$k$i^mmz)s\,^x. m&'^sw 

[Ell 3] 0 6<£>i£,IIS^»C:te^T, m&'^'W 

y ^-x— >3 v»-ttl-s<4*@^§««©-a-ffy 

x-v-s >-ffl©Jt©fitSr 1 . 05i Ufc^a-Ota^^ 20 
[Si 4] 06(D^B*^Bfc:tJ^-c', 

y ^-f-va >»'M-r5-(s:ffiMffi««^?fy 

x-v-s WtWJt^ftSr 1 . 12i Lfc#^com^#tt 
£r*1-0-Cfc5„ 

[015] 0 6<D^A«/T:^fi(CtJV^-C. 

y > 3 ^mztt-Fz&mmmmmv&ui) *- 

x— ys^ftWlt^ftSrl. 2 o t vtcWr&vnnmte. 

[m i-6-]-i§16<d^^^bjc:*3^t:. fSA/^/v© so 
y *-x--># v{fi{c^-rsmffi^'K«©-&n-y 

£-^-f-0-efc5„ 

[mi 7] 0 6©ifofB**2£«K:fc^-c, 

£rlMm, fK^gcoy — i ^3 Wfi£r8 2 nmi L-fc 

[018] EI6W^^^E^tJ^X, 
£2 Mm, ISgwy^f-v-a >iS5:l 6 4 nmi L 

[01 9] 06ro^,a3t^«ic:te^T, ^IJIcdji:;* « 

£r3Mm, MI©y ^f— >a >-I5:2 4 6 nmt L 

[02 0] 0 6©»R^a£MK:fc^T, 
«:4um, Ii|ffly^f->3ytt«r3 2 8 nmtL 

[1212 1] l2I6C0^ B B B «^®{c:*5^T, ^»<OJ¥$ 
£5 Mm, ffiSiO^f— >a >-fit5r4 1 0 nmi L 

[ii2 2] ni6w^^^«t-*i^T, m&m<nm£ 

^e^m, MSI©U^f-v'3yfSr4 9 2 nmtL so 



5» 

[02 3] 0 6<O^*^»{c*5V>Ts «fc&/I<£>JP:£ 
Sr 1 m mt Ufc#-a-<oSi§*#ttSr^i-0-Cfc5c 
[02 4] H6©«***St«K:*st^T, ffi^g©J?$ 

[02 5] 06roJSS**3Sfatc:te^-c. JSEiSJS©JP<* 
Sr3^mi Lfc^-©Sii*#ttSr^i-0t?&5o 
[02 6] H6©»tft**a?«t*Sl^-C, 
4 n m t Lfcm-a-OSi§*^t4Sr^-r0T?fc5. 

[027] 06(Djs^^fa^*5^T, m&m<Dmz 

3:5 m mi Lfc^-<O^ii^#ttSr^-r0t?fc5. 

[02 8] H6©fatA**36ilk:*sv^-c» 8£.HJi<DJ¥$ 
5:6 m mi Lfct^©jSifl*^«rjj*-*-B|-e*>5. 

[02 9] H6©ttfi**St«K*SW^-C» i£iSljl<D/¥$ 
Sri m mi Lfc*&©*fe<KH4Sr*-t-0-e*>So 

[03 0] H6 0«ft**SefliK:*sv^-c» 8£iPbS©J¥$ 
£3 Mmi Lfc^<D#fe#t££^1-0T-fe.5o 

[031] i6 0MS^TMi:fc-^T > m&m<omz 

4 m m i Lfc*§-£-©*fe#tt ?:^-r0-Cfc So 
[03 2] B36©«***iSe1tK:*s^T» ?SfiS©ff$ 

Sr5 Mmi Lfc*a-O*fe#ttSr^:-r0T?fc5o 
[03 3] H6©aE**S%Se«t*sv^-C, ^SS»J»$ 

5:6 Mmi Lfc*ft-0*feW4Sr^i-B|-C*>5. 
[03 4] H6©«ft*S%*«K*5V^T» fgiUJf ©ff£ 

S: 3 Mm, ^^FftSrO" i LfcH^oSfitttS:* 

[03 5] ieois^gitfc^t, 

5: 3 Mm, SM* hA*9 0° tLfc«^Ofi*«tt* 
^■f-0T?fo5 o - . - 

[03 6]"H6©«**^llfc*SV^T, ?£iSIJf©ff£ 
£3 Mm, SM* 8 0«"i -U/fti^OlRAWt 

5r^i-0-CfoSo 

[03 7] 06©^[^^e©li^^Ffw*5»t53gia 
^Sr^-T0T?*)5. 
[03 8] (A) , (B) f±, 06<O«A*^Slc:*5 

^K#«lM*tt*s «t twiratofcfs fc ov > -c^i-0 -e *> 5 . 

[03 9] (A), (B) fcfc, BI6£>ttJ.»fl%&BiC:** 
[04 0] 0 6©«ft*^KltK:*JV^T. «*JBf>K:# 

[04 1] 0 6©^f B *^«ic:*j^r, ^ft*^^* 
*f 7/uW5:^PLfc#-a-co5Sig*#t45:^i-0T?fc5o 
[04 2] B6©Ri6«^tSilK:*s^T» »ft»«fjc:* 
7/v«-Sr«*PU/jri^ahd-©aia**ttSr^-*-B|-el!> 

So 

[04 3] 06<D^*^S^tJ^T, /Wf^hft 
5:9 0° ^K«Ufc»^-«>aft4*ttSr*-r0-C*>5. ' 
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